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Abstract 
This thesis presents a geological history of the South Wellesley Islands, 
Southern Gulf of Carpentaria in Queensland, Australia over the mid- to late-
Holocene. The objectives of this thesis are to determine the palaeo-depositional 
environment, age of the mixed bioclastic and siliciclastic coastal deposits on the 
South Wellesley Islands and to identify their composition and diagenetic history.  
Understanding recent sea-level change is vital in this modern era. The 
amplitude of marine transgressions and regressions significantly change coastal 
landscapes which can bring prosperity or devastation to coastal communities. 
Evidence for a mid- to late-Holocene sea-level highstand has been observed at a 
number of locations around Australia. This research aims to provide further age 
constraints for this highstand in the Southern Gulf of Carpentaria. 
Stratigraphic logging of coastal bioclastic deposits was conducted on Albinia, 
Bentinck and Sweers Islands. Facies identification was used to determine the palaeo-
depositional environment with interpretations indicating that deposition occurred in 
the intertidal, backshore and dune environments. The key facies identified included 
lateritic bedrock, coral rubble, consolidated, poorly consolidated, bioturbated and 
cyclic beachrock and aeolianite.  
These mixed bioclastic and siliciclastic deposits are a useful sea-level proxy, 
where their deposition is constrained to the intertidal zone and contain marine 
bivalves and corals allowing for the maximum age of deposition to be determined. 
Geochemical analysis was used to select suitable samples for AMS radiocarbon 
dating and uranium-series dating. A total of 15 shell and coral samples were dated to 
reveal island formation was constrained to the Holocene.  
These age constraints and the position of the bioclastic deposits relative to 
present mean sea-level indicate that sea-level was consistently at least 2 – 2.5 metres 
higher 5,200 – 3,950 calibrated years before present, before steadily regressing to 
present levels. Petrographic analysis of the coastal bioclastic deposits also show 
evidence support this sea-level trend. The oldest Holocene deposited coral rubble 
unit show evidence of marine diagenesis, whilst the relatively younger beachrock 
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and aeolianite units show evidence for meteoric diagenesis. This inundation of the 
coral rubble corresponds with the sea-level highstand, followed by a marine 
regression occurring in the mid- to late-Holocene. The results of this research 
provide fundamental data for further work in producing a combined Holocene sea-
level curve for the Southern Gulf of Carpentaria and the influence of sea-level 
change on the evolution of coastal environments in the tropical north of Australia. 
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Chapter 1: Introduction 
This chapter outlines the background and research questions asked in Section 
1.1, followed by the purpose of thee research and the aims and objectives in Section 
1.2. Finally, Section 1.3 presents an outline of the remaining chapters of this thesis.  
1.1 INTRODUCTION 
With the increased interest in sea-level change attributed to anthropogenic 
global warming, knowledge of historical sea-level change and coastal landscapes has 
gained a renewed relevance. Where the shoreline meets the land determines where 
human populations settle and develop. When marine transgressions and regressions 
occur, which can be as regular as every 1,000 – 2,000 years, the impact on these 
communities can bring prosperity or devastation. The South Wellesley Islands, 
located 30 km north of mainland Queensland, Australia (Figure 1.1), preserves a 
record of bioclastic deposits in a remote archaeological location that allows for a 
unique opportunity to reconstruct sea-level in a part of Australia where there is a 
paucity of data (Chappell et al., 1982; Chappell and Thom, 1986; Reeves et al., 2008; 
Rhodes et al., 1980). In addition an understanding of the nature of sea-level and 
landscape evolution from this location will be used to gain a greater understanding of 
mid- to late- Holocene human occupation and migration (Ulm et al., 2010).  
In this research project, multiple sea-level and sedimentological proxies have 
been utilised to provide characterisation and age constraints of bioclastic deposits 
from the South Wellesley Island group. The South Wellesleys (Figure 1.1) are 
comprised of 10 islands, which are situated on a relatively stable portion of the Indo-
Australian Plate and can preserve information on the nature of Late Quaternary sea-
level change without the requirement to adjust for crustal warping (Jones and 
Torgersen, 1988). Sedimentology and facies characterisation of bioclastic deposits, 
field surveys, petrographic and geochemical analysis will contribute to the far 
Northern Queensland Holocene sea-level history that until now, contained minimal 
data for the Holocene epoch.    
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The research questions asked at the beginning of this research were simple: 
• When were the coastal formations formed on Albinia, Bentinck and 
Sweers Islands?  
• What is the composition and diagenetic history of the bioclastic deposits 
on these islands? 
Similar bioclastic deposits found at other locations around the Australian 
coastline indicate that deposition occurs during sea-level highstands, primarily 
associated with the more recent Pleistocene and Holocene marine transgressions. 
Coastal aeolianites and beach deposits of Last Interglacial age (125,000 years) have 
been reported from Lord Howe Island (Brooke, 1999; Price et al., 2001; Woodroffe 
et al., 1995), and yielded results that indicate a sea-level highstand of up to 4 m 
above present mean sea-level (PMSL). Holocene highstand age constraints have also 
been found from bioclastic deposits from Lord Howe Island (Woodroffe et al., 1995), 
the Great Barrier Reef (GBR) (Hopley, 1982) and the Gulf of Carpentaria (Rhodes et 
al., 1980) indicating that sea-level was at least 3 m higher than PMSL. These two 
interglacials are the most likely periods of deposition of the bioclastic deposits due to 
the interpreted relative sea-level and preservation potential of the deposits. This 
research presents two hypotheses relating to the timing of deposition of the bioclastic 
deposits in the South Wellesley Islands; Last Interglacial Marine Isotope Substage 5e 
(ca. 125,000 ka BP) or the Holocene highstand (ca. <8,000 ka BP). These will be 
tested through chronological analysis and facies interpretation. 
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Figure 1.1: South Wellesley Islands, Southern Gulf of Carpentaria. 
1.2 AIMS AND OBJECTIVES 
The geology of the South Wellesley Islands has received scant attention in the 
literature, and gaps in the geological interpretation of these islands need to be 
addressed. The aims and objectives of this thesis are to: 
• Identify the key geological units and facies on Albinia, Bentinck and 
Sweers Islands in order to determine depositional environments. 
• Examine the petrographic make-up of the geological units identified in 
order to delineate the formation and weathering processes that contributed 
to the current state of the deposits. 
• Examine the diagenetic history of the geological units through 
geochemical analysis in order to determine the sea-level fluctuations 
during deposition. 
• Utilise dating techniques to provide age constraints on the deposition of 
the main geological units in order to contribute data to developing a sea-
level history in Northern Queensland. 
This research aims to constrain palaeo-climate and sea-level change over the 
Holocene highstand or Last Interglacial Marine Isotope Substage 5e in Northern 
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Queensland as well as provide a geological interpretation of Albinia, Bentinck and 
Sweers Islands.  
1.3 THESIS OUTLINE 
This thesis is organised in the traditional thesis format. Chapter One introduces 
the purpose of conducting this research and the aims which were set to be achieved.  
Chapter Two reviews the literature associated with the research topic, and 
introduces the research area; the South Wellesley Islands. This includes reviewing 
the current state of knowledge on a number of topics including the nature of sea-level 
over the last interglacial cycle and Holocene period, beachrock formation, aeolianite 
formation, coral deposits and a review of carbonate mineralogy.   
Chapter Three outlines the methods used in this study. This provides detailed 
descriptions on the research methods, including field protocols, mixed siliciclastic 
and bioclastic classification scheme, laboratory methods and dating procedures.  
Chapter Four presents the results of this study. The stratigraphic framework of 
the key sites on Albinia, Bentinck and Sweers Islands are presented, along with full 
geological analysis of beachrock, aeolianite and coral deposits. Results obtained 
from scanning electron microscopy, X-Ray powder diffraction, radiocarbon and 
uranum-series analysis are also presented in this chapter. 
Chapter Five presents a synthesis of the results and discusses the implications 
of this research. Interpretation of age data is discussed with the aim of constraining 
palaeo-climate and sea-level change reconstructions over the mid- to late-Holocene. 
The diagenetic controls influencing coral rubble, beachrock and aeolianite formation 
are also discussed as well as stratigraphic correlations between Albinia, Bentinck and 
Sweers Islands. 
Chapter Six concludes the thesis, summarising the key findings, addressing the 
aims achieved, and identifying areas for future research.  
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This chapter begins with the geological setting of the Wellesley Islands 
outlined in Section 2.1. A review of sea-level change over the last interglacial and 
glacial cycles in Section 2.2 is presented. Section 2.3 reviews coral formation, 
occurrences and case studies.  Section 2.4 focusses on carbonate chemistry and 
controls on carbonate sedimentation. Section 2.5 reviews the current state of 
knowledge regarding the formation and characteristics of beachrock and aeolianite 
and their potential to be utilised as climate change proxies. 
2.1 GEOLOGICAL SETTING 
2.1.1 The Wellesley Islands 
The Gulf of Carpentaria is an epicontinental sea located between Australia and 
New Guinea, covering an area of around 414,000 km2 (Harris, 1988). The Gulf is 
bound by Cape York Peninsula to the east, Arnhem Land to the west, Papua New 
Guinea in the north and the Carpentaria Plain to the south. There are two sills, 
bordering the Gulf to the east and west that link it to open oceanic waters. The Torres 
Strait Sill to the east has water depths of approximately 12 m that links the Gulf to 
the Coral Sea. On the west, the Arafura Sill links it to the Arafura Sea where water 
depths reach up to 53 m. (Harris, 1988). There are a number of islands and 
archipelagos in the Gulf, the larger of which are Groote Eylandt, the Sir Edward 
Pellew Group and the Wellesley Islands. 
The Wellesley Islands archipelago, situated in the southern Gulf of 
Carpentaria, comprises of 23 islands covering a total area of 5,500 km2. It is divided 
into the North and South islands with the main islands of each being Mornington and 
Bentinck Island, respectively (Rosendahl, 2012). The South Wellesley Islands is the 
focus area of this project, with research conducted on Bentinck, Sweers and Albinia 
Islands (Figure 2.1).  
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Figure 2.1: South Wellesley Islands, Gulf of Carpentaria and key field sites on Albinia, Bentinck and 
Sweers Islands boxed. 
The landscape is dominated by lateritic bedrock, known as the ‘Mornington 
Plateau’ and part of the Early to Late Cretaceous (Albian – Cenomanian) Normanton 
formation (Grimes, 1979; Smart et al., 1980). Grimes (1979) described the core 
islands of the Wellesley archipelago as an eroded sandy lateritic surface with little 
relief, and a gently upwarped, weathered, seaward extension of the Normanton 
lateritic formation (Normanton Plateau) that survived marine inundation.  
The coastal geomorphology of the islands is dominated by beaches, supra-tidal 
mudflats, beach ridges, cheniers and aeolian dunes. This geomorphology is 
characteristic of Karumba Plain’s, the adjacent geological unit on the mainland in the 
Southern Gulf of Carpentaria (Rosendahl, 2012). The majority of the coastlines form 
low-lying sea-cliffs and island interiors have few topographical changes. The 
majority of land is less than 10 m APSL and the highest point is only 29 m APSL 
(Inspection Hill, Sweers Island). 
Located between the latitudes of 16°23’21’’ and 17°09’10’’S and longitudes of 
139°48’23’’ and 139°54’57’’E the Wellesley islands have a tropical climate, with a 
hot, wet summer monsoonal season and a warm, dry winter season (Forbes, 1984). 
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Summer air temperatures are in the range of 28-35⁰C and average rainfalls of 600-
800 mm are common. Ninety-two percent of rainfall occurs from November to 
March, which is associated with the Australian Monsoon and extreme weather events 
such as cyclones. From 1906, 63 cyclones have tracked within 200 km of the 
confluence point, producing destructive winds and heavy rain. Winter air 
temperatures range from 22-30⁰C and average rainfall is about 25 mm during the 
drier months, from April to October (Bureau of Meteorology, 2013). Tidal variation 
in the southern Gulf is more prominent than other regions in the Gulf due to the 
combined effects of strong winds and shallow seas (Church and Forbes, 1981). 
Typically tidal ranges in the southern gulf average 3 m, and can reach up to 4 m 
during spring tides on the mainland at Karumba (Church and Forbes, 1981; Rhodes 
et al., 1980; Wolanski, 1993). Tidal lows are typically 0.8 – 1.5 m and highs 2.5 – 4.2 
m with south easterly trade winds affecting tides in the winter (Maritime Safety 
Queensland, 2016).  
2.2 SEA-LEVEL CHANGE OVER THE LAST GLACIAL CYCLE IN THE 
GULF OF CARPENTARIA 
2.2.1 Isostatic and Eustatic Functions 
Sea-level change is not a uniform measure and is influenced by isostatic and 
eustatic processes. Isostasy refers to the state of balance that exists within the earth’s 
crust, whereby a depression of the crust caused by loading from forces such as 
sediment, ice or water in one locality is compensated for by a rise in the crust 
elsewhere (Fairbridge, 1983). Isostatic changes are generally more localised, whereas 
eustastic changes represent volume change in ocean basins on a global scale (Lowe 
and Walker, 1997). Tectonically stable regions, and areas far from former ice sheets, 
are less influenced by isostatic factors, with sea-level changes observed in these 
localities largely the results of eustatic sea-level change (Yokoyama, Purcell, et al., 
2001). Isostasy and eustasy are influenced by the Earth’s major driver of climatic 
conditions; Milankovitch Cycles. The Milankovitch Cycles cause natural fluctuation 
in climatic conditions and the amount of insolation received on Earth’s surface 
(Milankovitch, 1941).  
There are several types of isostasy caused by a number of influences including; 
hydro-, glacio-, thermal-, and volcano-isostasy. Hydro-isostasy, is the effect of 
loading that the oceans have on the crust. The melting and expansion of ice sheets 
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results in variation in oceanic water volumes which causes crustal warping (Lowe 
and Walker, 1997). Glacio-isostasy is similar to hydro-isostasy, but instead refers to 
Earth’s response to changes in loading of ice during glacial cycles. The crust is 
loaded in the areas of glaciation, and the crust beneath and near subsides, whilst 
during the decay of an ice sheet the crust is unloaded and rebounds (Lambeck, 2011). 
Thermal-isostasy causes crustal deformation due to the temperature and density 
changes of Earth’s interior and volcano-isostasy refers to the load produced by 
extrusions of lava which causes depressions under the volcanic pile (Pirazzoli, 1997).  
Glacio-eustasy is the predominant mechanism responsible for sea-level change 
throughout the Quaternary (Bloom, 1971). The dominant cause of these changes is 
the growth and decay of continental icesheets and their effects expressed at a global 
scale (Murray-Wallace and Woodroffe, 2014). Global eustatic changes can, and will, 
vary due to local tectonic activity. For instance a global sea-level rise on a stable 
coastline will appear different to the sea-level change on a coastline that is being 
tectonically uplifted (Lowe and Walker, 1997). 
2.2.2 Tectonic Stability in the Gulf of Carpentaria 
The Gulf of Carpentaria is an ideal locality for observing changes in sea-level 
over the last glacial cycle. Located in a relatively tectonically stable portion of the 
Indo-Australian Plate, the Gulf is removed from glacial activity, thus the influences 
from tectonic activity and glacio-isostasy is minor. Subsidence in the Gulf is also 
minor due to the large, shallow embayment on the continental shelf allowing for 
minimal water loading (Reeves et al., 2008). Regional hydro-isostasy of the 
Carpentaria Basin was initially thought to be responsible for uplift of less than 1 m 
during the last 5,500 years (Jones and Torgersen, 1988; Rhodes et al., 1980). Earlier 
studies by Blake and Ollier (1969) suggested that uplift up to 24 m occurred over the 
last 27 ka along the coast of West Papua (previously Irian Jaya), and Papua, however 
it is uncertain whether the magnitude of this would have extended as far south as the 
Arafura Sill. However, Jones and Torgersen (1988) concluded that due to the 
continuous net accumulation of sediment on the Arafura Sill it is unlikely that 
significant uplift occurred, and the effects of downwarping are also minimal because 
of the continuous nature of lacustrine conditions during the last glacial episode. Due 
to the minimal influence of tectonic uplift and downwarping, the Gulf of Carpentaria 
provides as close to ideal circumstances to decipher eustatic sea-level changes over 
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the last glacial cycle which will contribute significantly to the understanding of 
recent changes in Northern Queensland sea-level. 
2.2.3 Timing of Marine Isotope Stage 5 
Understanding the history of sea-level over the last interglacial period cycle is 
important in order to compare and contrast the current state of eustatic sea-level 
change within the Gulf of Carpentaria. Beachrock and aeolianite deposits typically 
form in conditions similar to what we see today; interglacial periods with relatively 
high sea-levels. The last period these conditions were exhibited in the Gulf of 
Carpentaria was during Marine Isotope Stage (MIS) 5, thus making it a potential 
period where older beachrock and aeolianite were deposited. 
The beginning of the Last Interglacial Period (LIG) is reflected in the marine 
records by the abrupt shift to lighter oxygen isotopic values, at approximately 130 ka 
BP, based on a stacked benthic foraminiferal based oxygen isotope record (Lowe and 
Walker, 1997). Recent research by Kopp et al. (2009) also support this age, 
positioning the last interglacial at approximately 125 ka BP. This shift at 130 ka BP 
shown at the peak in Figure 2.2, is a compilation of the large number of oxygen 
isotopic records that are available for the last 130 ka. The period is divided into five 
subdivisons: MIS5a-5e with the warmest period and LIG sensu stricto represented by 
substage MIS5e, two major interstadials corresponding to substages MIS5a and 
MIS5c, and colder intervals represented by substage MIS5b and MIS5d (Lowe and 
Walker, 1997).  
The end of the LIG is reflected in the marine oxygen isotope record by the 
boundary between substage MIS5e and MIS5d (Lowe and Walker, 1997). The exact 
date range of substage MIS5e has some uncertainty. For example, Jouzel et al. 
(1989), used the isotopic record from the Vostock ice core to depict the onset of the 
last interglacial to occur considerably earlier at 140 + 15 ka BP. According to the 
Spectral Mapping Project (SPECMAP) timescale, Imbrie et al. (1989), suggests it 
began at 128 + 3 ka BP and ended at ca. 115 ka BP. Similarly, Dansgaard et al. 
(1993) found evidence from the GRIP ice core that the equivalent of substage MIS5e 
spanned from 133-114 ka BP. During this time (~125 ka BP) the Gulf would have 
exhibited a similar environment to that of today, with an open shallow marine 
depositional setting (Reeves et al., 2008), however sea-level was believed to be at 
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least 3 m higher than PMSL (Rhodes, 1982; Rhodes et al., 1980), and up to 5 m 
higher than PMSL (Murray-Wallace and Belperio, 1991). 
 The end of the last interglacial (MIS5e) was followed by two major 
interstadials, corresponding to marine isotope substages MIS5a and MIS5c (Potter et 
al., 2004). The peak of substage MIS5a is centred on c. 79 ka BP, and substage 
MIS5c spans the time interval from c. 96 ka to 103 ka BP (Lowe and Walker, 1997). 
The end of MIS5 is dated around 70 ka BP on the SPECMAP timescale and 75-80 ka 
BP in the GRIP ice core (Lowe and Walker, 1997).  
The formation of beachrock and aeolianite deposits can therefore be limited to 
the above three periods; MIS5a, 5c or 5e. However, MIS5e was the most significant 
highstand during the Late Pleistocene, and has produced major coastal 
geomorphological features which document sea-level change during this time 
(Murray-Wallace and Woodroffe, 2014). 
 
Figure 2.2: Marine oxygen isotope record for the last 150 ka  based on stacked benthic foraminifera 
record (adapted from Martinson et al., 1987). 
2.2.4 The Last Glacial Maximum and Marine Transgressions During the 
Holocene in Australia 
During the Last Glacial Maximum (LGM) sea-level fell to approximately 130-
120 m lower than present levels, approximately 22-20 ka BP (Ferland et al., 1995; 
Murray-Wallace et al., 1996; Murray-Wallace et al., 2005; Yokoyama, De Deckker, 
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et al., 2001; Yokoyama et al., 2000). Research on the east coast of Australia has 
shown that following deglaciation at the conclusion of the LGM, sea-level rose 
rapidly to within a few metres of present levels by ca. 8,500 cal. yr BP and reached 
present levels by ca. 7,500 cal. yr BP. Sea-level continued to rise to between 1.5 and 
2 m above PMSL by 6,500 cal. yr BP and remained at that elevation until ca. 2,500 
cal. yr BP, when it underwent a regression to present levels (Lewis et al., 2013; Sloss 
et al., 2007). 
Identifying the amplitude, timing and geographical extent of a Holocene 
highstands proved controversial at first, and there was significant debate as to 
whether the highstands could even be identified. Initially Fairbridge (1961) produced 
a sea-level curve of global eustasy (Figure 2.3), which provided evidence from 
emergent shorelines in Western Australia as key type localities for several 
highstands. These were markedly different to those identified in the Bahamas and 
Florida, where postglacial sea-level evidence was below present sea-level. Fairbridge 
(1961) listed a series of highstands after Australian sites: 
• The Older Peron; 3-4 m high at 5 ka. 
• Younger Peron; 3 m high at 3.9-3.5 ka. 
• Albrolhos; < 2 m at 2.3 ka. 
• Rottnest; < 1 m at 1 ka. 
In comparison a sea-level oscillation identified from evidence in the Bahamas 
and Florida were interspersed (Bahama; -3 m around 4.3 ka, Crane Key; -2 m at 3.3 
ka, Pelham Bay; at -3 m at 2.4-2.8 ka, Florida; -3 m at 2 ka), at similar times to 
Australian sea-level oscillations. The nature of this oscillating sea-level and lack of 
correlation between the Atlantic and Pacific data sets called for an alternate 
explanation of the sea-level curve (Figure 2.4). Godwin et al. (1958) originally 
proposed that sea-level  reached its present levels a few thousand years ago and 
remained relatively stable since. However, Fairbridge (1961) concluded that a single 
eustatic sea-level record could not be used to explain worldwide sea-level functions 
due to the isostatic functions that produce differing relative sea-level worldwide.  
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Figure 2.3: Sea-level compilation by Fairbridge (1961), showing a series of oscillations as a 
consequence of compiling evidence from around the world. Submergences based highstand evidence 
from Western Australia, and emergences based on evidence in Florida and the Caribbean (Murray-
Wallace and Woodroffe, 2014). 
Holocene sea-level change around Australia forms part of an ongoing 
controversial debate. An intra-plate setting removed from the majority of effects 
from glacio-isostasy and far removed from former ice-sheets meant that the theory 
for sea-level being higher than present levels during the mid-Holocene was radical 
(Murray-Wallace and Woodroffe, 2014). However, the evidence is undeniable, with 
early research in the GBR providing unequivocal evidence for higher sea-level. The 
GBR Expedition led by David Stoddart in 1973 was the first major project that found 
indications for sea-level reaching previous highstands in the Holocene. The 
identification of microatolls; large, flat-topped corals, provide the most conclusive 
evidence on sea-levels. Stoddart et al. (1978) concluded than an effective sea-level 
upper limit to coral growth from corals in growth position could be determined, 
allowing for these samples to be dated, and accurate interpretations to be made.  
Chappell (1983a) suggested first that sea-level has fallen gradually over the 
past 6,000 years (Figure 2.4). These observations were made in the Northern GBR 
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using microatolls as sea-level indicators.  Larcombe et al. (1995), indicated that the 
onset of the mid-Holocene maximum began 5,500 cal. yr BP, beginning to fall at just 
over 4,500 cal. yr BP. Baker et al. (2005) revisited these data and his findings were 
consistent with Chappell’s in that sea-level reached the mid-Holocene maximum 
approximately 6,000 cal. yr BP. Lewis et al. (2008) provided more recent 
interpretations of sea-level changes around the north-eastern Australian margin. 
Using calibrated radiocarbon age determinations Lewis et al. (2008) demonstrated 
that the Holocene sea-level highstand of + 1.0-1.5 m was reached ~7,000 cal. yr BP 
regressing to its present position after 2,000 cal. yr BP. Lewis reanalysed a dataset of 
115 calibrated radiocarbon ages, where previous studies have used smaller datasets 
of radiocarbon ages which were not converted to calendar years, which is common 
practice now. The period of 5,000 years where sea-level was higher than present was 
determined to have a series of short-lived oscillations occurring at 4,600 and 2,800 
cal. yr BP. Similar datasets and reviews have been produced for New South Wales 
(Sloss et al., 2007) and South Australia (Belperio et al., 2002) and the full Australian 
margin (Lewis et al., 2013).  
 
Figure 2.4: Radiocarbon ages on microatolls from Northern Queensland. Majority of data collected by 
Chappell (1983a), and interpreted to indicate gradual sea-level fall to present. Subsequent 
interpretations (Baker et al., 2005; Larcombe et al., 1995; Lewis et al., 2008) of this data are shown.  
This compilation of results and interpretations of mid- to late-Holocene sea-
level history in Northern Queensland shows clear evidence that the past 7,000 years 
saw sea-levels elevated up to 2 m higher than PMSL.  
2.2.5 Sea-Level Data in the Gulf of Carpentaria 
A number of studies on palaeo-environmental reconstruction within the Gulf of 
Carpentaria have been conducted since the 1960’s. Results indicate that the Gulf of 
Carpentaria has preserved global signatures of the major climatically-driven phases 
 14 Chapter 2: Literature Review 
of marine transgression and regression throughout the Quaternary (Chivas et al., 
2001). The Gulf has been repeatedly submerged and exposed by fluctuating sea-
levels with depositional environments shifting between open-ocean, estuarine, 
lacustrine and subaerial exposure (Chivas et al., 2001; Reeves et al., 2008). 
The onset of the last interglacial MIS 5e, was initially marked by the rapid 
establishment of open shallow marine conditions, following the transgression of the 
Arafura Sill by seawater around 125 ka BP  (Reeves et al., 2008). Maximum sea-
levels in the Gulf may have been at least 3 m higher than modern sea-level, 
determined by extrapolating from the surrounding shoreline ridges (Rhodes, 1982; 
Rhodes et al., 1980) and a coral reef date from the south of the Gulf corresponding to 
the last interglacial (Nott, 1996). MIS5d corresponds to Reeves et al. (2008) 
correlation to MIS 5.4 (Figure 2.5). This period is marked by a regression of sea-
level identified by a change of microfauna to more marginal types. Interstadial period 
MIS 5c sees the return to open shallow marine conditions.  Van Andel and Veevers 
(1967) concluded that relative sea-level was lowered by about 130 m during the 
LGM, by examining sediments on the continental shelf in northwestern Australia. 
Yokoyama, De Deckker, et al. (2001); Yokoyama et al. (2000); Yokoyama, Purcell, 
et al. (2001) also found that sea-level during the LGM was 120 m below present sea-
level using radiocarbon dating and micropalaeontological indicators.  
 
Figure 2.5: Late Quaternary eustatic sea-level curve based on two data sets. • = sea 
levels deduced from coral terraces at Huon Peninsula and  = estimates based on 
benthic and planktic deep see core δ18Ο data (after Chappell, Omura, et al., 1996; 
Shackleton, 1987) (Harris et al., 2008).  
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The nature of sea-level in the Gulf was first investigated by Phipps (1966; 
1970) who recovered sedimentary cores up to 4 m in length and recognised marine 
sediments overlying non-marine strata. The transition was attributed to the rise in 
sea-level at the end of the Pleistocene, however some interpretations from Phipps 
have been questioned, for instances sediments containing Ammonia beccarii were 
interpreted as marine, whereas they are now viewed as non-marine (Chivas, et al.).  
Smart (1977), found that the Gulf of Carpentaria was a basin with internal drainage, 
disconnected from the open sea from about 47,000-26,000 BP and 23,000-11,000 BP 
and connected to the open sea from 26,000-23,000 BP. The examination of cores 
from an extensive seismic and shallow-coring program by Tom Torgersen in the 
1980’s further confirmed early findings from Phipps (1966; 1970) and Smart (1977). 
The extent of Lake Carpentaria was defined through the period ~36,000-12,000 BP 
as well as the subsequent marine transgression (De Deckker et al., 1988; Jones and 
Torgersen, 1988; McCulloch et al., 1989; Torgersen et al., 1983; Torgersen et al., 
1985; Torgersen et al., 1988). More recent research has seen an emphasis on 
sedimentary facies, ostracod assemblages and shell chemistry recording marine 
inundation events (Chivas et al., 1986; De Deckker et al., 1988; Torgersen et al., 
1988). Reeves et al. (2008) analysed a series of sedimentary cores from 4.2-14.8 m in 
length from a transect across the central Gulf, aiming to intersect older lacustrine 
sediments and the underlying units. A series of facies were identified (Figure 2.6 and 
2.7) and despite not compiling a complete range through the sea-level variability of 
the last glacial cycle, a general context of transgressions and regressions across the 
Arafura Sill and Torres Strait are clearly identifiable (Reeves et al., 2008). Marine 
facies identified included open, shallow and marginal depositional environments. 
Estuarine facies included tidal channel, shell layer, lagoon and mudflat. Lacustrine 
facies included saline and oligohaline-fresh and finally terrestrial facies included 
fluvial and sub-aerial (Reeves et al., 2008). 
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Figure 2.6: Global combined relative sea-level curve for the past 140 ka (after Waelbroeck et al., 
2002). The approximate depth of the Arafura Sill is shown by the solid horizontal line, with possible 
channel depths marked by the dotted line below. The approximate depth of the Torres Strait Sill is 
indicated by the stippled line above.  The shadings indicate either marine, estuarine or lacustrine 
environments relating to the Carpentaria region through this time period. Numbers indicate the MIS 
(Reeves et al., 2008). 
  
Figure 2.7. Stratigraphic log of core MD-32 from the Gulf of Carpentaria (12˚18.79’S/139˚58.73’E 
and water depth of 64 m, displaying full sequence of marine and non-marine fluctuations (Reeves et 
al., 2008). 
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Edgar et al. (2003), conducted a high-resolution seismic survey with the United 
States Geological Survey (USGS), and delineated up to 17 reflectors, marked by 
abundant incised channels and erosional unconformities (Figure 2.7). The sequence 
was interpreted to indicate at least 14, and up to 17 major transgressive/regressive 
events, providing evidence for the fluctuating nature of the Gulf. The transition 
between brackish-lacustrine and marine regimes is also clearly marked by strontium 
isotopic signals (McCulloch et al., 1989). McCulloch et al. (1989) found that the 
highest Sr ratios are consistent with continental sources, and lower Sr ratios are 
indicative of seawater. During times when the Arafura and Torres Strait sills were 
not breached by oceanic waters, the extent of Lake Carpentaria reached up to 250 km 
in width, 500 km in length and 15 m deep (Jones and Torgersen, 1988). During the 
LGM, the Gulf was an extensive basin, separated from the sea by the Arafura and 
Torres Strait Sills. The isolation of the basin allowed a huge saltwater lake, Lake 
Carpentaria (Yokoyama, Purcell, et al., 2001), with lacustrine deposits documented 
in the sedimentary record (Reeves et al., 2008; Torgersen et al., 1988). 
 
 
Figure 2.7: Interpretation of seismic section (line 17 of USGS survey of 1993/94)  across the Gulf of 
Carpentaria from western Gulf of Carpentaria to eastern Gulf of Carpentaria showing numbered basin 
wide reflections and incised channels (width not to scale) at exposure surfaces (Edgar et al., 2003).  
Holocene sea-level data from the Gulf of Carpentaria show that Arafura Sill 
was breached at approximately 12.2 ka BP with established marine conditions by 8.5 
ka BP (Reeves et al., 2008). Evidence of this was from marine material found to 
disturb lacustrine sediments in core whereby six sediment cores ranging from 4.2 to 
14.9 m in length were collected from the Gulf of Carpentaria and subjected to 
geophysical investigation. The record for the breaching of the Torres Strait Sill is 
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inferred to be around 8 ka BP, however the upper section of the cores collected in the 
Gulf were disturbed during recovery (Reeves et al., 2008). Chappell and Thom 
(1986) proposed the regional sea-level history for Northern Australia occurred in 
four phases; rising sea-level at 12 m ka-1 prior to 8 ka BP, 8-6.5 ka BP rising sea-
level at 4.5 m ka-1, 6.5-6 ka BP stabilisation of sea-level, stable of slowly falling sea-
level from 6 ka BP – present.  Research by Harris et al. (2008) supports the rapid sea-
level rise from 12-6 ka BP. Based on Uranium-series ages from corals in the southern 
Gulf, there was a period of reef growth from 10.5-9.5 ka BP, which ceased at ca. 7 ka 
BP. The end of coral growth was likely due to the inability for the reef growth to 
keep pace with the rapid sea-level rise, which is consistent with the ‘give up’ reef 
growth history (Harris et al., 2008). 
2.3 CORAL DEPOSITS 
2.3.1 Occurrence and Formation 
Reef-building corals form large durable structures and are ideal for determining 
past sea-level changes due to the nature of their formation. Coral and coral reef 
deposits have been used extensively to determine Holocene sea-levels, and can be 
used as an indicator of Pleistocene sea-levels if post-depositional alteration, such as 
digenesis, does not occur.  
Coral reefs require precise conditions in order for their formation and survival. 
Coral growth requires clear, warm water with minimal suspended sediments, and a 
firm substrate on which to establish (Murray-Wallace and Woodroffe, 2014). 
Formation typically occurs in the tropics, however deposits have been found to 
extend to the subtropics, reaching 33°N in Japan and 32°N in Bermuda, and similar 
latitudes in the southern hemisphere at Inhaca Island, Mozambique and Lord Howe 
Island in the southern Pacific (Murray-Wallace and Woodroffe, 2014). Reef-building 
corals, primarily Scleractinia, grow by calcification as their polyps secrete a 
carbonate exoskeleton. The coral polyps support zooxanthellae, a photosynthetic 
symionta that can only function in water depths through which light can penetrate. 
That means corals are restricted to the photic zone, which is approximately 0-30 m in 
clear tropical waters (Murray-Wallace and Woodroffe, 2014). This narrow vertical 
depth range is a useful tool for determining past sea-level changes.  
 Chapter 2: Literature Review 19 
The distribution of coral varies across species and individual reefs according to 
water depth, wave energy, light availability and sedimentation (Chappell, 1980). 
Growth forms are also highly complex varying from delicate branching corals, to 
colonial massive corals (Murray-Wallace and Woodroffe, 2014). Coral colonies can 
grow for several hundreds of years, and following their death form part of the 
backbone of the reef structure (Murray-Wallace and Woodroffe, 2014). Their 
preservation potential is high, thus making them appropriate material to date the age 
of deposits. 
Pleistocene age coral deposits are rare and have been rarely found in Australian 
regions. The GBR, the world’s largest coral reef system is an excellent proxy in 
determining past sea-level and climatic conditions. The LIG GBR was likely to have 
been similar to the present GBR (Hopley et al., 2007). An Ocean Drilling Program in 
1990 allowed for further interpretations of the initiation of reef development. Feary 
et al. (1993) suggested that reef development began as long as 1 Ma, whilst Davies 
and McKenzie (1993) opted for an age of <500 ka and Montaggioni and Vénec-
Peyré (1993) suggested that reef growth was continuous throughout the Pleistocene. 
Further drilling in 1995 (Alexander et al., 2001) provided a finite date for major reef-
building occurring between 452 – 365 ka BP (Braithwaite et al., 2004; Webster and 
Davies, 2003). There are also a number of other locations across the tropics from 
sites such as Bermuda, Bahamas, Oahu in Hawaii, Mangaia in the Cook Islands, the 
Seychelles, and Western Australia which imply a last interglacial shoreline around 
120,000 years old at heights of 2-10 m above present sea-levels (Murray-Wallace 
and Woodroffe, 2014).  
Scleractinian corals of Pleistocene age have been recovered from three 
locations in eastern Australia: Grahamstown in the Hunter Valley, Evans Head in the 
Richmond River Valley and North Stradbroke Island in southern Queensland (Pickett 
et al., 1989). Pickett et al. (1985) found that corals from North Stradbroke Island 
correlated with isotope substage MIS5c rather MIS5e, implying that sea-level in the 
Australian region during this substage was higher than previously determined from 
tectonically active areas such as Barbados and New Guinea.  
2.3.2 Case Study: Huon Peninsula 
The Huon Peninsula in Papua New Guinea, despite not being a tectonically 
stable region, has still been studied in more detail than any other site in relation to 
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sea-level (Aharon and Chappell, 1986; Bloom et al., 1974; Chappell, 1974; Chappell, 
Omura, et al., 1996; Chappell, Ota, et al., 1996; Fairbridge, 1960; Veeh and 
Chappell, 1970). Situated along the northeastern coast of Papua New Guinea (Figure 
2.8), the Huon Peninsula exhibits coral terraces of Pleistocene age that are better 
defined than any other land-based site. The site preserves a staircase of more than 20 
former fringing coral reefs along an 80 km section of the Peninsula extending up to 
1,000 m APSL (Chappell, Ota, et al., 1996). Due to its position on the South 
Bismarck Sea Plate, it is located in a zone of one of the fastest rates of plate 
convergence in the world at ~120 km/Ma (Murray-Wallace and Woodroffe, 2014). 
The rapid uplift which converts to an approximate rate of 4 m/1,000 yrs (Chappell, 
1983b) and the limited occurrence of rivers along the coastline has allowed such a 
complex history of glacio-eustatic sea-level change to be well preserved (Murray-
Wallace and Woodroffe, 2014).  
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Figure 2.8: Location of Huon Peninsula, Papua New Guinea, showing the general geographical setting 
of the emergent coral reef complex within a plate-tectonic framework and variation in elevation of 
principal reef terraces from south to north (Chappell, 1974). 
The succession encompasses the past 340 ka and includes a detailed archive of 
sea-level highstands (Murray-Wallace and Woodroffe, 2014). Due to a combination 
of rapid uplift and oscillations in sea-level, younger coral terraces generally occur at 
successively lower heights, draped over older terraces (McCulloch et al., 1999). The 
earliest research conducted in the Huon was by Veeh and Chappell (1970) who 
obtained dates from 230Th/234U dating of un-recrystallised corals and clam shells 
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from Huon Peninsula. Their results indicate four periods of relatively high eustatic 
sea-level. These are 190,000-180,000 BP, 140,000-118,000 BP, 74,000 BP, 50,000-
35,000 BP and the current sea-level high beginning 6,000 years ago. Bloom et al. 
(1974) concluded that the last interglacial, MIS5e had sea-levels reaching 6 m above 
PMSL at 125 ka and interstadial sea-levels of 13 m below PMSL at 103 ka (MIS5c) 
and 15 m below PMSL at 82 ka (MIS5a). 
The record of more recent sea-level change is also captured in the reef 
sequences of Huon Peninsula. The Late Pleistocene saw the peak of the LGM at 
about 20-18 ka BP, with a sea-level of approximately 130 m below PMSL,  followed 
by a period of rapid melting until 6 ka BP (Lambeck, 1993), reaching present levels 
approximately 9 ka BP (Lambeck and Chappell, 2001).  
Despite the Huon Peninsula being a highly complex series of coral terraces it 
provides a highly detailed reconstruction of the palaeo-sea-level record. Dates and 
relative sea-levels for MIS 5a, 5c and 5e have been identified, allowing for a 
comparison to be made between the South Wellesley Islands and the Huon 
Peninsula. Similar methods need to be applied for reconstructing sea-level in the 
Gulf, as the sedimentary strata for each site is not dissimilar, with the key factor 
being coral reef deposits.  
2.4 CARBONATE MINERALOGY 
The sites investigated in the Gulf of Carpentaria are susceptible to diagenetic 
processes involved with carbonate sedimentology. Due to the marine and near-
surface meteoric environments of the deposits, understanding these processes is vital 
in order to determine the depositional setting and changes to the environment. 
2.4.1 Controls on Carbonate Sedimentation 
Carbonate sedimentation is predominately controlled by two key factors; geo-
tectonics and climate, which adversely controls the third key variable; sea-level 
(Tucker and Wright, 1990). Geo-tectonics represents the surrounding geological 
setting and drainage patterns, where a lack of siliciclastic material is required for 
carbonate sedimentation. Whilst climate is a driving factor in determining water 
temperature, salinity, circulation patterns and nutrient supply among other things. 
Global sea-level then directly controls the extent to which carbonate sedimentation 
can occur. During sea-level highstands carbonate sedimentation is more widespread 
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and occurs in thicker sequences, as opposed to low stands where sedimentation 
decreases (Tucker and Wright, 1990).  
2.4.2 Carbonate Chemistry 
By definition, carbonate rocks must consist of 50% carbonate minerals, of 
which calcite (CaCO3), dolomite (Ca·Mg(CO3)2) and aragonite (CaCO3) are the most 
common (Tucker and Wright, 1990). Calcite and aragonite are the only naturally 
forming, common CaCO3 polymorphs (Vaterite, is the uncommon third polymorph). 
Calcite is the only stable CaCO3 phase at Earth’s normal temperature and pressure 
(Figure 2.9) (Dickson et al., 1990). The presence of strontium, which is abundant in 
marine environments, reduces the pressure boundary between calcite and aragonite. 
In shallow-marine tropical environments carbonates are composed primarily of 
aragonite and high Mg calcite as metastable phases.  
 
Figure 2.9: CaCO3 and CaCO3·H2O phase diagram. I – V, calcite polymorphs, I-III are metastable 
(Carlson, 1980; Marland, 1975; Tucker and Wright, 1990). 
2.4.3 Carbonate Diagenesis – The Process 
The diagenesis of carbonate sediments involves the processes which alter 
sediments after deposition below 200°C. This includes cementation, dissolution, and 
more restrained processes such as the development of micro porosity or changes to 
trace element and isotopic signatures (Tucker and Wright, 1990).  
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The majority of marine carbonate sediments are originally a mixture of 
aragonite, high Mg calcite and low Mg calcite. However, due to the unstable nature 
of aragonite and high-Mg calcite, they are in most instances converted to low-Mg 
calcite, which is the stable CaCO3 phase. Low-Mg calcite is commonly precipitated 
as a cement from meteoric waters in the near-surface and from basinal fluids in the 
deeper subsurface.  
The process of diagenesis can involve six phases: cementation, microbial 
micritization, neomorphism, dissolution, compaction (including pressure dissolution) 
and dolomotization (the last only affecting 30-40% of limestones). There are four 
principal environments in which carbonate diagenesis operates; marine, near-surface 
meteroric and burial environments. The process  is controlled by the composition and 
mineralogy of the sediment, pore-fluid chemistry and flow rates, geological history 
of the sediment in terms of burial/uplift/sea-level changes, influx of different pore-
fluids and prevailing climate (Tucker and Wright, 1990).  
• Cementation: Saturation of pore fluids, triggering precipitation and 
cementation within water-filled pores. Binds loose grains and fills pores 
with one or more carbonate crystal growth forms (Ahr, 2008).  
• Microbial micritization: The process whereby bioclasts are altered while 
on the seafloor or just below by endolithic algae, fungi and bacteria. This 
is due to boring of the skeletal grain margins, which allows for fine-
grained sediment of cement to fill the holes (Tucker and Wright, 1990). 
• Neomorphism: Also known as recrystallization, the process by which 
crystal morphology changes, without major changes in the mineral 
composition (Ayr, 2008).  
• Dissolution: Carbonate sediments and cements can undergo dissolution, 
where pore-fluids are undersaturated with respect to the carbonate 
mineralogy. Individual grains, such as the metastable aragonite may be 
dissolved out (Tucker and Wright, 1990).  
• Compaction: Refers to mechanical and chemical processes, triggered by 
the increasing overburden of sediments during burial and increasing 
temperature and pressure conditions (Flügel, 2004). This results in grain 
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fracturing and the reduction in porosity, causing dissolution of grains at 
point contacts (Tucker and Wright, 1990). 
2.4.4 Carbonate Diagenesis Environments 
The major diagenetic environments occur in the meteoric vadose, meteoric 
phreatic, mixing zone, marine phreatic, marine vadose and burial (or subsurface) 
environments (Figure 2.10) (Ayr, 2008). The location, processes and time required 
for diagenesis to occur vary significantly in different diagenetic zones. The zones can 
also pass vertically and laterally into others, and can change from one zone to 
another due to sea-level fluctuations, tectonic movement and increasing or 
decreasing burial (Flügel, 2004).  
 
Figure 2.10: Major diagenetic environments (Flügel, 2004). 
• Meteoric Vadose and Phreatic: Meteoric is a Greek word meaning 
freshwater derived from the Earth’s atmosphere. It occurs in continental 
areas, along shelf margins, upon island platforms, atolls or isolated 
platforms where sediments are above sea-level. It begins with the loss of 
magnesium from high-Mg calcite, followed by the gradual disappearance 
of aragonite and the replacement of aragonite by calcite. It occurs in the 
vadose and phreatic zones as well as the shallow subsurface where the 
mixing of freshwater and marine water occurs. Water is concentrated by 
capillarity at grain contacts in the vadose zone, and fills pores in the 
phreatic meteoric zone (Flügel, 2004; Longman, 1980). 
• Mixing Zone: The mixing of water with different chemistries has the 
potential for geochemical activity. The mixing of marine and meteoric 
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waters can occur in shallow subsurface near-coastal settings (mixing zone) 
and at the coastal interface of land and sea. This mixing process may be 
partly responsible for the precipitation of aragonite and dolomite 
cementation in vugs (Kimbell and Humphrey, 1994). The mixing of salt 
and fresh water strongly contributes to the dissolution of carbonate rocks 
on coasts (Sanford and Konikow, 1989). 
• Marine Vadose: Marine vadose zone diagenesis is similar to that of the 
meteoric vadose zone in that pendant and meniscus cements are common. 
However, cementation is more rapid in this zone and beachrock is typical 
of this zone due to the rapid cementation (Flügel, 2004). 
• Marine Phreatic: Marine phreatic diagenesis takes place at the shallow or 
deep sea floor, tidal flats and beaches. Factors that lead to dissolution and 
significant differences in the calcium-carbonate preservation of deep-sea 
sediments are high hydrostatic pressure, low water temperature and high 
partial pressure of CO2 (Flügel, 2004). Additionally, pores in the phreatic 
zone are always filled with water and crystals can grown unimpeded, bar 
the exception of intercrystalline competition (James and Choquette, 1984).  
• Burial: Burial diagenesis is identified by specific cements and diagenetic 
textures which indicate compaction and pressure solution. The shallow 
burial zone is the first few metres to tens of metres of burial and is 
influenced by changing pore water chemistry in the mixing zone, 
temperature and pressure process. The deep burial zone is influenced by 
physical compaction, chemical compaction, cementation, minor solution 
porosity and burial dolomitization (Flügel, 2004).  
2.5 BEACHROCK AND AEOLIANITE 
2.5.1 Beachrock 
Formation and Occurrence 
The South Wellesley Islands feature abundant coastal exposures of 
consolidated and partially consolidated beachrock deposits. Analysis from Albinia, 
Bentinck and Sweers Islands will provide an opportunity to gain a more detailed 
analysis of beachrock formation in the tropical north of Australia, aid in constructing 
depositional environment reconstructions, and a sea-level history of the area.  
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Beachrock formations are sedimentary deposits typically found in coastal 
environments. The formation of beachrock has been strongly debated over the years, 
with many different interpretations. Recently, it has been accepted that beachrock 
can form via a variety of processes, with proposed theories of beachrock formation 
related to physico-chemical or biological mechanisms (Hanor, 1978; Hopley, 1986; 
Russell, 1962; Vousdoukas et al., 2007; Webb et al., 1999). The formation of 
beachrock typically occurs on tropical and sub-tropical coastlines, however 
formations have also been observed along temperate coasts (Vousdoukas et al., 
2007). 
Beachrock was first sighted in the Mediterranean and Caribbean (Ginsburg, 
1953; Russell, 1959; Vousdoukas et al, 2007). It is warmer coastal environments 
within the latitudes of 0° and 40° that provide favourable conditions for beachrock 
formation (Vousdoukas et al., 2007). Figure 2.11 shows the ‘hot spots’ for the 
formation of beachrock, however this distribution may be biased due to the amount 
of research conducted in varying geographical regions.  Microtidal coasts also appear 
to exhibit a higher number of beachrock deposits suggesting that large tidal ranges do 
not provide sufficient time for beach sediments to consolidate (Vousdoukas et al., 
2007). The Gulf of Carpentaria exhibits an ideal climate for beachrock formation, 
however it has tidal ranges of up to 3 m and does not fit the above model, which 
requires further investigation.  
Despite beachrock generally being found in tropical to subtropical 
environments, deposits have also been found to occur in temperate coasts. Deposits 
have been found in the Corrubedo complex in Spain with a latitude of 41⁰N (Rey et 
al., 2004) and at 57⁰N on several beaches in northwest Scotland (Kneale and Viles, 
2000). Temperate zone deposits typically contain low Mg-calcite cements, however 
shallow-marine tropical carbonates are composed primarily of aragonite and high 
Mg-Calcite calcite cements, and form in the vadose zone. Deposits found on North 
Uist, Scotland possess high Mg calcite cements, showing no evidence of vadose 
cementation (Kneale and Viles, 2000). Kneale and Viles (2000) concluded that the 
formation of the beachrock was aided by the stable, undisturbed environment and the 
presence of Ca-rich cement around many of the sand grains. Microorganisms 
observed in the cement are also thought to have some effect on cementation. 
However Kneale and Viles (2000) do not rule out the involvement of degassing of 
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CO2. For the purpose of this research project, it is of greater importance to gain 
understanding of beachrock formation in tropical environments.  
 
Figure 2.11: Beachrock occurrence global ‘hot spots’ (Chappell, Omura, et al., 1996; Vousdoukas et 
al., 2007). 
Early studies suggested that beachrock formation was due to cement 
precipitation from meteoric waters and was controlled by groundwater temperature 
and a regional lithology with a sufficient supply of carbonates to the meteoric 
phreatic zone (Russell, 1962, 1963; Russell and McIntire, 1965). The cement 
precipitation is thought to take place within the intertidal zone, and is the result of the 
cyclic wetting and drying of the beach face (Gischler and Lomando, 1997), as well as 
the increased interstitial water temperatures due to the solar warming of the beach 
(Scoffin, 1970). However, Russell’s theory has been criticised due to beachrock also 
being found in arid areas, such as the Red Sea coast and deposits found along coasts 
of islands too small to support permanent fresh water tables (Stoddart and Cann, 
1965). Geomorphological characteristics of beachrock also suggest otherwise; for 
example, the occurrence of beachrock deposits with large vertical extent and high 
altitude (relative to the mean sea-level), indicate a supratidal beachrock genesis can 
also occur by cement precipitation from sprayed marine waters (Kelletat, 2006). 
Another suggestion for the formation of beachrock is via the de-gassing of CO2 
from groundwaters saturated with carbonates. According to Hanor (1978) vertical 
fluid dispersion in the phreatic zone caused by tidal oscillation of the water table is 
sufficient to induce CO2 de-gassing from seaward-flowing groundwaters. Tidal 
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pumping of the gas phase in the vadose zone can also enhance the loss of CO2 
(Hanor, 1978). CaCO3 precipitation occurs rapidly (within a period of 12-48 hours) 
which can also explain the presence of beachrock deposits in small island settings as 
de-gassing does not require a permanent freshwater table (Vousdoukas et al., 2007). 
Groundwater flow conditions are crucial for the cementation to take place, as 
prolonged water residence time is necessary for groundwater to acquire high partial 
pressure of CO2 concentration, dissolved CaCO3 concentrations, and beach-degassing 
(de-gassing before the water is discharged to the sea) (Hanor, 1978; Matthews, 
1971).  
Another accepted theory for beachrock formation is via biological activity. 
Processes aiding beachrock formation include algal photosynthesis, microbial 
degradation of organic matter, binding action of encrusting algae and bacterial 
calcification (Vousdoukas et al., 2007). During the degradation of organic matter, 
bacterial processes such as the ammonification of amino-acids, urea hydrolysis and 
sulphate reduction promote carbonate precipitation by raising the pH, allowing for 
CO2 degassing to occur (Berner, 1968; Krumbein, 1979; Lyons et al., 1984)  This 
biological activity is likely to aid in the precipitation of CaCO3 as it controls the 
partial pressure of CO2 by CO2 consumption (Hopley, 1986). Webb et al. (1999) 
found that heterotrophic bacterial/fungal processes played a crucial role in beachrock 
cementation in Heron Island, Australia. They found that the presence of organic 
matter and microbes altered water chemistry to promote carbonate precipitation and 
raised levels of carbonate saturation locally. Also the presence of organic matter may 
promote carbonate nucleation, provided that the fluid medium is carbonate saturated.  
Morphology, Texture and Classification 
The morphology of outcrop and the texture of beachrock is quite variable and 
different characteristics can give clues about the depositional environment at the time 
of cementation. The size of beachrock deposits vary from small patches of cemented 
sediments, to outcrops hundreds of metres wide, and kilometres long (Vousdoukas et 
al., 2007). The thickness of deposits is linked to sea-level fluctuations and can range 
from less than 0.5 m to greater than 2.5 m (Hopley, 1986; Kelletat, 2006). Coastal 
outcrops are generally found in the surf and swash zones, but can extend onshore, 
buried under a thin layer of unconsolidated beach sediments (Rey et al., 2004; 
Russell and McIntire, 1965; Vousdoukas et al., 2007), or in supratidal areas due to 
 30 Chapter 2: Literature Review 
cement precipitation from meteoric waters (Gischler and Lomando, 1997). 
Beachrock deposits show sequences of bands which dip seaward at up to 15°, which 
generally follows the beach slope, however some deposits can be markedly different 
to that of the hosting beach (Russell, 1959, 1962; Russell and McIntire, 1965). An 
explanation for this difference is the effect of subsidence, and the breaking and tilting 
of beachrock slabs that occurred after the formation of the beachrock (Russell, 1962), 
or alternatively could represent a back-beach deposit (Nichols, 2009).  
Sediments found in beachrock matrices are extremely diverse and reflect the 
nature of the sediment source and supply (Vousdoukas et al., 2007). Constituents can 
include quartz, chert, feldspars, heavy minerals, recycled clasts, volcanic material, 
ooid, molluscs, skeletal fragments and even human artefacts (Kelletat, 2006; Russell, 
1959; Vousdoukas et al., 2007). Sedimentary structures and textures can also be 
preserved, for example massive, weakly-stratified or cross-stratified sands and sandy 
gravel lithofacies (Neumeier, 1998). The type of cement binding beachrock deposits 
is controlled by physico-chemical parameters such as temperature, salinity, pH and 
the abundance of Mg (Bricker, 1971). The type of cement is useful in understanding 
the provenance of coastal carbonates, as calcite normally precipitates from 
freshwater, and aragonite from seawater (Stoddart and Cann, 1965). Overall it is 
these variations in beachrock that pose complex questions into how and why it 
forms. 
Deposits containing carbonate grains and cements are typically classified using 
either the Folk (1962) or Dunham (1962) classification schemes for carbonate rocks. 
Where beachrock grains do not contain any siliciclastic grains these schemes are 
suitable to use. However, where there is a mixture of siliciclastic and bioclastic 
fragments, the Folk and Dunham classifications cannot be used to sufficiently 
describe the sediments at hand. That is why the first-order textural and compositional 
classification for mixed siliciclastic and carbonate sediments (Mount, 1985) is 
suitable where the composition of beachrock is ‘mixed’.  
2.5.2 Aeolianite 
Aeolianite is a calcium carbonate-cemented, bioclastic-rich dune rock deposit 
found in coastal environments of Late Quaternary age. It is deposited as a result of 
wind deflation from storm processes generally in beach environments (Tucker and 
Wright, 1990). Distribution is generally in tropical to sub-tropical coastlines, 
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however, it can also be associated with arid and temperate regions (Nash and 
McLaren, 2011). Aeolianite deposits are particularly useful in reconstructing 
Quaternary climate change and provide key information related to depositional 
environment due to the bioclastic composition, cementation process and composition 
and as a sea-level proxy due to a characteristic association with underlying 
beachrock strata when present. 
Aeolianite was first described as consolidated aeolian sediments by Sayles 
(1931), where the deposit was found in abundance in Bermuda. Subsequently, many 
variations on this definition have been made. Livingstone and Warren (1996) 
describe aeolianites as cemented coastal dune sands, generally on semi-arid, tropical 
and high energy shorelines, and although this definition is correct, it fails to include 
the presence of dryland aeolianites which are markedly different in composition, 
form and texture. Brooke (2001) defines aeolianites as mostly reworked shallow-
marine biogenic carbonate sediment, however this definition omits the record of 
sand-dominated aeolianites, which are abundant along the South Australian coastline. 
Due to these variations, the term aeolianite should be restricted to carbonate-
cemented sands in which primary aeolian depositional features, such as cross-
bedding and grain size lamination are readily visible (Pye and Tsoar, 2009).  
The mineralogy of carbonate grains in aeolianites is a reflection on the 
meteoric diagenetic environment. With this in mind, there is considerable variation in 
composition and texture of deposits, with one end member consisting entirely of 
siliclastic framework grains cemented by calcite, whilst the other end exhibits both 
framework grains and cement which may be composed entirely of calcium carbonate 
(Pye and Tsoar, 2009). The majority of aeolianites contain both carbonate and non-
carbonate framework grains, with a distinction being made between quartzose 
aeolianite containing <50% CaCO3 and carbonate aeolianite containing >50% 
CaCO3 (Fairbridge and Johnson, 1978). Carbonate grains in aeolianites are mostly 
composed of aragonite, high-Mg calcite (>5mol-% MgCO3), low-Mg calcite, or a 
combination of these minerals (Pye and Tsoar, 2009). Ooids, gastropods, corals and 
algae are predominately composed of aragonite which is the dominate mineral found 
in low-latitude littoral deposits (Pye and Tsoar, 2009). However, on some shores, 
including South Australia, high-Mg or low-Mg biogenic constituents are dominant 
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(Warren, 1983). The concentrations of the mixture of these carbonate minerals is 
controlled by the diagenetic process.  
Gardner (1983) notes that “The genesis of aeolianite includes both the 
deposition of dune sediments and their subsequent cementation”. The extent, vertical 
distribution, and composition of carbonate cement reflects the abundance and 
composition of carbonate grains in the host sediment, the amount of water passing 
through the sand column, the effect of vegetation on the soil moisture regime, and 
the episodic nature, or otherwise, of aeolian sedimentation (Pye and Tsoar, 2009). 
High-Mg calcite is the most soluble phase in water, followed by aragonite, which 
allows for a much greater potential for diagenesis. Whereas calcite with virtually no 
magnesium is the least soluble phase (Pye and Tsoar, 2009). Pye and Tsoar (2009) 
defined a general processes for the cementation of aeolianite. Rainwater, initially 
under-saturated in carbonate minerals enters the top of a sand dune column. As it 
percolates downwards, the water becomes saturated with respect to low-Mg calcite, 
while still under-saturated with respect to aragonite and high-Mg calcite. 
Precipitation of low-Mg calcite cement crystals may therefore take place 
simultaneously with the dissolution of aragonite and high-Mg calcite. Dissolution of 
aragonite and high-Mg calcite allochems may form large voids, either before or after 
surrounding pores are filled by calcite cement. The dissolution may also occur 
simultaneously, thus preserving fine structural details.  Precipitation typically takes 
place in the vadose zone, with calcite cement crystals having an irregular, patchy 
distribution in homogeneous sands (Pye and Tsoar, 2009). 
The distribution of aeolianite deposits is not restrictive, however the majority 
of deposits are found within the latitudinal zone of 20⁰ and 40⁰ (Figure 2.12), in both 
hemispheres (Brooke, 2001). This distribution is influenced by a number of factors 
including fluvial discharge, ocean currents, salinity, temperature, and dominate wind 
regime (Brooke, 1999), where aeolianite deposition is greater and when rates of 
siliciclastic supply are low relative to the rates of biogenetic carbonate productivity 
(Pye and Tsoar, 2009). It is within these latitudes that warm climates dominate, 
which favours carbonate production and onshore winds to mobilise beach sediment 
inland into dunes (McKee and Ward, 1983). Despite the majority of aeolianite 
deposits forming on tropical and subtropical coastlines, deposits have also been 
found in deserts such as Wadi Araba and Jordan (Saqqa and Atallah, 2004), Iran 
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(Thomas et al., 1997), the Ubari Sand Sea, and southern Libya (Mattingly et al., 
1998; McLaren and Gardner, 2004).  
Brooke (1999) has defined three key settings for the formation of island 
aeolianites. These vary from continental aeolianites, in that continental deposits are 
far more volumetrically larger outcrops, and represent the accumulation of vast 
quantities of Heterozoan temperate and subtropical carbonate, and commonly include 
a minor to moderate fraction of terrestrial sediment. The three settings for island 
aeolianite deposits are defined as either ‘shelf’, ‘bank’ or ‘middle-ocean’. ‘Shelf’ 
aeolianite islands are situated on continental shelves and lie within a cool water or 
subtropical carbonate province. These islands may be entirely aeolianite (e.g. 
Rottnest Island, Abrolhos Islands), or form part of a composite island (Vacher and 
Quinn, 1997). ‘Bank’ aeolianite islands are composed of accumulations of Photozoan 
and Heterozoan tropical and subtropical carbonate, generally containing little or no 
siliciclastic sediment, due to the dunes being accreted on shallow carbonate banks or 
platforms. Most ‘bank’ aeolianites are found in the Caribbean, or on oceanic 
carbonate platforms (Bermuda). ‘Middle-ocean’ aeolianites are also composite 
carbonate islands and are typically associated with remote volcanic islands, 
surrounded by shallow platforms on which aeolianite has accreted (Lord Howe 
Island).  
 
Figure 2.12: Worldwide distribution of Quaternary carbonate aeolianite (Brooke, 2001; Chappell, 
Omura, et al., 1996). 
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2.5.3 Utilising Beachrock and Aeolianite as Sea-Level Proxies 
Sea-level proxies are used to reconstruct climatic conditions that occurred 
throughout Earth’s history. There are many ways to collect these data, however this 
project focusses on collecting age data from beachrock and aeolianite deposits using 
radiocarbon and uranium-series age determinations (Figure 2.13), as well as analysis 
of macrofossil faunal assemblages, sedimentary characteristics, facies associations 
and geochemistry. Beachrock and aeolianite deposits may also be used as sea-level 
indicators, however caution must be applied.  
 
Figure 2.13: Potential dating methods for Gulf of Carpentaria samples and age ranges for these dating 
techniques (adapted from Sloss et al., 2013). 
Early research (Hopley, 1986) found that age data for beachrock deposits can 
be retrieved from preserved bivalve shells and/or coral fragments using radiocarbon 
dating. This is an ideal method however it is restricted to the radiocarbon window 
(past 50 ka), limiting the scope of sampling.  
There are issues associated with using age data collected from beachrock as it 
is difficult to determine precise formation ages. Constituent grains in beachrock have 
a wide variety of differing ages and also pre-date the cement, therefore dating the 
cement provides a minimum timing of deposition, and dating the shell and coral 
material provides a maximum age (Hopley, 1986). Using beachrock deposits as a 
sea-level indicator can also provide information on past sea-level elevations. It is 
widely accepted that beachrock forms in intertidal zones (Lewis et al., 2013). 
Therefore the occurrence of preserved beachrock above today’s sea-level gives 
evidence of previous peak highstand sea-level events. The exact uppermost limit of 
its formation is difficult to determine due to variability in tidal range thus precautions 
need to be taken when using beachrock deposits to construct sea-level curves (Lewis 
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et al., 2013). The vertical error range for sea-level results is taken from the maximum 
present day tidal range (Stattegger et al., 2013).  The Gulf of Carpentaria exhibits a 
tidal range of 3 m (Church and Forbes, 1981; Wolanski, 1993), thus a vertical error 
of +1.5 metres will be taken into consideration.  
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Chapter 3: Methods and Data Acquisition 
This chapter describes the methods used to acquire a geological background 
and understanding of the formation of beachrock and aeolianite deposits as well as a 
sea-level history over the last glacial cycle in the South Wellesley Islands, Gulf of 
Carpentaria. Section 3.1 discusses the field methods and sampling protocol 
implemented during this research. Section 3.2 discusses the dating methods selected 
for this research, and Section 3.3 defines the petrographic analysis process and 
sample classification schemes selected. Section 3.4 details the geochemical 
laboratory techniques undertaken for the specified dating methods. Section 3.5 
discusses macro- and micro-fossil faunal assemblages and their identification. 
3.1 METHODS 
3.1.1 Field Survey and Sample Collection 
Field Survey 
Field work was conducted in the South Wellesley Islands over a two week 
period in June, 2013. Survey areas include Albinia, Bentinck and Sweers Islands 
with the majority of sampling conducted on Sweers Island (Figure 3.1). On Sweers 
Island a pedestrian survey (three people) of the coastline was undertaken, which is 
approximately 23 km. Well preserved beachrock and aeolianite outcrops of interest 
were identified and sampled, whereby samples from individual units from basal 
sections to the top of outcrops were collected. The survey site of Bentinck Island was 
more specific, with two key locations sampled; Wind Story and South Bentinck. A 
single outcrop on Albinia Island was also mapped and sampled. Stratigraphic logs 
were compiled at sites with strong preservation of individual beds, stratigraphic 
features and fossils to determine facies, facies associations and establish the 
influence that environmental changes over time had on sedimentation and 
stratigraphy.  
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Figure 3.1: Selected field sites in the South Wellesley Islands, Gulf of Carpentaria shown by the 
shaded boxes.  
Sampling Protocol 
Samples collected in the field were documented, and information such as co-
ordinate, elevation, photographs and descriptions of surroundings were taken. They 
were collected in order to conduct further analysis, discussed in Sections 3.2-3.5. 
Due to the isolated nature of the field site and minimal opportunities to conduct field 
work, it was of the utmost importance to gather a large number of samples from the 
selected islands. Approximately 80 samples of rock and corals were collected in 
calico bags and plastic sample bags and labelled according to their location and 
elevation above PMSL. Samples were then selected to be used for petrographic and 
geochemical analysis, as well as radiocarbon and uranium-series dating. 
Stratigraphic Logging  
Field stratigraphic logs were produced to document bed thickness, lithology, 
presence of sedimentary structures, texture, clast composition, facies associations 
and structural data. Field logs were then digitally reproduced for this thesis. 
Individual sedimentary units were interpreted and reference to grain size, shape, 
roundness, composition and imbrication were made. 
Preliminary field classifications of limestone deposits were made using 
Dunham’s (1962) classification for carbonate rocks (Table 3.1). This classification 
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scheme was used in the field as it is relatively easy to use without microscopic 
examination and is based on the support framework of the rock or sediment.  
Table 3.1: Classification of carbonate rocks according to depositional textures (Dunham, 1962). 
DEPOSITIONAL TEXTURE RECOGNISABLE DEPOSITIONAL 
TEXTURE NOT 
RECOGNIZABLE 
 
 
Original Components Not Bound Together During 
Deposition Original 
Components 
Bound 
Together 
During 
Deposition 
Contains mud Lacks mud 
and is 
grain-
supported 
Mud-supported 
Grain-
supported <10% 
grains 
>10% 
grains 
Mudstone Wackestone Packstone Grainstone Boundstone Crystalline Carbonate 
 
Following the initial field classification, later petrographic analysis was 
undertaken to provide additional detail and further classification using Mount’s 
(1985) classification scheme for mixed siliciclastic and carbonate rocks and Folk’s 
(1962) classification scheme for limestones. These schemes are preferred for 
petrographic analysis as they provide more quantifiable and descriptive terminology. 
3.2 DATING TECHNIQUES 
Prior to radiocarbon and uranium-series dating, samples were checked for 
deleterious diagenetic products using Scanning Electron Microscopy (SEM). This 
included early marine aragonite, and marine or meteoric calcite cements and 
extensive erosion (Hua et al., 2015). Samples of shell and coral that were considered 
clean and unaltered were selected for dating. 
3.2.1 Radiocarbon Dating 
Radiocarbon dating is a reliable dating method for dating the past ~50 ka 
(Sloss et al., 2013; Taylor, 1997). All living matter absorbs carbon dioxide during 
tissue-building in a ratio that is broadly in equilibrium with atmospheric carbon 
dioxide (Lowe and Walker, 1997). Upon death of any living matter, 14C 
concentrations will continue to decay, but no replacement takes place (Lowe and 
Walker, 1997). The internationally agreed half-life of 14C is 5,570 years, therefore by 
knowing this age, the time of death of any organisms can be calculated from the 
measured residual 14C (Lowe and Walker, 1997). Wood, plants, seeds, shells and 
precipitated calcite are all materials appropriate for radiocarbon dating. Radiocarbon 
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dating is an important tool for studies of landscape evolution in a variety of 
landscapes including; coastal, fluvial, alpine and loess environments, and is the most 
well-established methods for dating the past ~50 ka, making it an easily accessible 
dating technique (Sloss et al., 2013).  
The selected method of measuring the radiocarbon concentrations of the 
selected samples is accelerator mass spectrometry (AMS). This was conducted at the 
University of Waikato Radiocarbon Dating Laboratory. AMS directly measures 14C 
atoms relative to 13C and 12C, where significantly less quantities of sample materials 
are required.  
The predominant disadvantage of radiocarbon dating is the potential for sample 
alteration to occur. Diagenesis results in the precipitation of authigenic calcium 
carbonate, replacing the original carbonate. This can be enhanced in the vadose zone, 
where the position of the water table can be influenced by changes in relative sea-
level.  The calibration of radiocarbon results to calendar years also brings some 
difficulties, however it is a critical step in analysis (Ramsey, 1995). When analysing 
sea-level and the timing of events (e.g. glacial maximums) some confusion can occur 
when 14C ages and calibrated ages are used interchangeably to compare timing of 
specific deposits or events. Calibrations were undertaken using OxCal v.4.1 
(Ramsey, 2009) and the IntCal 13 and marine 13 calibration datasets (Reimer et al., 
2013). A ∆R of -49+102 for marine samples was used, recommended by Ulm (2010) 
on the basis of dating of early twentieth century live-collected bivalves. The standard 
deviation of the ∆R value is the one-sigma estimate of uncertainty in the 
conventional radiocarbon age of the shell sample (Reimer et al., 2009; Ulm, 2010). 
Prior to the ∆R values proposed by Ulm (2010), the open water marine carbon 
reservoir variability in the Southern Gulf of Carpentaria had not been systematically 
evaluated and was based on only two samples from Cape York Peninsula collected in 
the 1980’s. Samples collected for radiocarbon dating in this research were marine 
shells and coral deposits, thus the ∆R value of -49+102 is being applied (Ulm, 2010). 
The validity of this ∆R value across the mid- to late-Holocene is unknown. 
Ulm (2010) and Rosendahl (2012), refined the marine reservoir effect for 
radiocarbon age calibrations on marine shells in the Gulf of Carpentaria area. 
Radiocarbon ages for this study were calibrated using OxCal 4.1 (Ramsey, 2009) and 
the Marine 13 and  IntCal 13 dataset (Reimer et al., 2013), with a ΔR of -49+102 for 
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marine samples and all calibrated ages are reported at the 95.4% age range 
(Rosendahl, 2012; Ulm, 2010). 
3.2.2 Uranium-Series Dating 
The uranium-series (238U, 235U, 233Th) all decay to stable lead isotopes through 
a complex decay series of intermediate nuclides with widely varying half-lives 
(Lowe and Walker, 1997). This disequilibrium dating method can be applied where 
the uranium decay is interrupted, and some decay products are selectively removed. 
For example, where organisms secrete carbonate directly from ocean waters, they 
build a carbonate shell/skeleton that contains uranium, but very little thorium or 
protactinium (Lowe and Walker, 1997). Ages can then be derived from the 
measurement of the accumulation of decay products of uranium within the carbonate 
matrix. 230Th/234U is used to date samples in the range of 5 to 350 ka, while other 
nuclides are used for older samples (Lowe and Walker, 1997). Corals prove to be the 
most suitable media for uranium series dating due to coral skeletons acting as closed 
systems until the coral is dissolved or changes to calcite. Corals also contain 
sufficient uranium (2-3 ppm), allowing for the application of 230Th/234U and 
231Pa/235U methods. Molluscs have proven to be unsuccessful due to very small 
initial amounts of uranium (Lowe and Walker, 1997). There are some disadvantages 
to U-series dating of corals; where fossil corals are from humid, tropical 
environments they are less likely to behave like a closed system, and can exchange 
isotopes with the surrounding environment. The closed system behaviour is also 
likely to be jeopardised with the recrystallization of aragonite to calcite (Murray-
Wallace and Woodroffe, 2014).  
U-series disequilibrium dating was conducted on two coral samples from 
Sweers Island. These samples were selected due to their high percentage of aragonite 
(>95%) indicating an almost ‘closed’ system where minimal diagenesis has occurred. 
This was tested by SEM and XRD. U/Th dates were acquired with multi-collector 
inductively coupled plasma mass spectrometry (MC-ICP-MS) at the Radiogenic 
Isotope Facility (RIF), University of Queensland using method of Leonard (2013) 
and Zhou et al. (2011). Two sections were cut from each of the coral samples, in 
order to minimise error. Approximately 0.4 – 0.6 g of sample was cut from opposite 
ends of the coral heads, where minimal weathering could be visibly identified. 
Samples were then cleaned in an ultra-sonic bath, until no visible contaminants 
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remained. Subsamples of corals were crushed to chips (~1-2 mm in diameter) and 
were inspected using a compound microscope to allow for selection of areas that 
showed no obvious cement, staining, remnant detritus, sediment or pyrite. All chip 
samples were placed in Milli-Q water in clean glass beakers and put into an 
ultrasonic bath for 20 minutes, then rinsed four times in Milli-Q water to remove and 
contaminants that may have remained in pore spaces before crushing. Samples were 
dried on a hot plate at 60°C overnight. Samples of ~100 mg each were spiked with a 
233U-229Th mixed tracer and then digested using quartz-distilled HNO3. After 
complete digestion, a few drops of 30% H2O2 were added to each sample to remove 
any persistent organic matter that may have prevented the spike from being fully 
homogenised with the sample. Chemical separation and purification of U and Th 
were performed using conventional ion-exchange columns made of Bio-Rad AG1X8 
anion resin following a column chemistry produced modified and simplified after 
Clark et al. (2012). Resulting U-Th mixed solutions were centrifuged at 4,000 r/min 
for 15 min and placed onto the Cetac ASX110 auto-sampler for U-Th isotopic 
measurements using a Nu Plasma MC-ICP-MS. For analytical methods see Zhou et 
al. (2011). 
3.3 PETROGRAPHY 
3.3.1 Thin Sections 
Forty-one petrographic thin sections were made from Albinia (6), Bentinck (8) 
and Sweers Island (27) samples. Samples were selected to be classified and to 
identify key characteristics such as allochems and cement type. The samples were 
from beachrock, aeolianite and coral rubble deposits. Preparation took place using 
Queensland University of Technology facilities. The majority of samples were 
impregnated with epoxy resin prior to cutting into billets to avoid disaggregation. 
Billets were mounted on frosted thin sections and polished in order to use sections 
for further SEM analysis. 
3.3.2 Sample Classification 
Samples collected from Albinia, Bentinck and Sweers Islands were comprised 
of a combination of siliciclastic and bioclastic fragments. This ‘mixture’ meant that 
common Folk (1959) or Dunham (1962) classification systems could not be used on 
their own, and a classification scheme that encompassed mixtures of siliciclastic and 
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bioclastic grains would be more appropriate. The classification scheme by Mount 
(1985), identifies four components:  
1) Siliciclastic sand (sand-sized quartz, feldspar, etc). 
2) Mud (mixtures of silt and clay). 
3) Allochems (carbonate grains such as peloids, ooids, bioclasts and 
intraclasts >20 µm in size). 
4) Carbonate mud or micrite (< 20 µm in size). 
The name of a class reflects both the dominant grain type and the most 
abundant antithetic component (Figure 3.2). The rock types are differentiated by the 
dominance of siliclastic vs carbonate, sand vs mud and allochems vs micrite  For 
example, a rock that contains greater than 50% siliciclastic material, of which most is 
sand-sized, and subordanite allochems, is termed an allochemic sandstone. The other 
rock names are: micritic sandstone, allochemic and micritic mudstone, sandy or 
muddy allochem limestone and sandy or muddy micrite.  
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Figure 3.2: Classification system for mixed siliciclastic/carbonate rocks (Mount, 1985). 
The majority of classification systems define a ‘mixed’ composition rock as 
containing more than 10% volume of the antithetic component. Where carbonate 
percentage was less than 10% Folk’s classification of sandstones was used (Quartz, 
Feldspar, Lithic) and when siliciclastic percentage was less than 10% Folk’s 
classification of carbonates was used (Figure 3.3). Samples were also described 
based on texture, sorting, grain size, roundness, mineral assemblage, allochem 
assemblage and cement type.  
 
Figure 3.3: Folk’s (1974) sandstone classification and Folk’s (1959) carbonate classification. 
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3.4 GEOCHEMISTRY 
3.4.1 X-Ray Diffraction Analysis 
Twenty-three samples were selected for bulk X-Ray Powder Diffraction 
(XRD) analysis. Samples from Albinia (6), Bentinck (10) and Sweers Islands (7) 
were selected which represented the defining facies. The purpose of this was phase 
identification and to gain an understanding of how silicate, carbonate and iron oxide 
phases changed through stratigraphy. Coral samples were also analysed in order to 
determine the primary carbonate phase. Bulk analysis was conducted using the 
PANalytical X’Pert PRO MDP Powder X-Ray Diffractometer at the Central 
Analytical Research Facility (CARF), Queensland University of Technology. This 
machine was chosen for its cobalt parallel beam and colliminator optics due to the 
iron-rich nature of the 23 samples selected which are unsuitable for testing with a 
Bragg-Brentano parallel beam due to the copper source. 
XRD is a widely used technique for mineral identification, particularly for fine-
grained materials where the grain size is too small to be studied with an optical 
microscope. In addition, XRD analysis can provide information on the degree of 
structural disorder, particle size, and the nature of isomorphous substitutions.  
The method is based on scattering X-Rays by the electrons around atoms which 
form the atomic layers in crystals (lattice spacings). A particular crystalline material 
has a particular structure or lattice. The scattered X-Rays reinforce each other in 
directions that depend on the lattice repeat distances and the wavelength of the X-
Rays. The angles of diffraction gives an indirect indication of the spacings (d 
spacings) between atomic layers and therefore can be used for mineral identification.  
The advantages of the method are as follows: 
1) It is the least destructive method, samples are crushed in ethanol which 
limits recrystallisation. 
2) The samples are reasonably easy to prepare. 
3) Only small quantities are required for processing. 
4) Modern computer-linked instruments are quite straightforward to operate 
and maintain. 
The limitations of XRD analysis include: 
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1) The method is capable of identifying only crystalline materials. 
2) Components of the same mineral series (i.e. micas, feldspars, amphiboles), 
which have very similar crystallographic structures, are difficult to separate 
due to their very similar XRD patterns.  
Procedure  
Crushing 
Samples of beachrock, coral and aeolianite were crushed using a mortar and 
pestle. Approximately 4-5g of sample were gently crushed with approximately 10 – 
20 ml of ethanol, which is used to minimise the risk of carbonate recrystallisation. 
Samples were crushed to <100 microns. 
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Micronizing 
The micronizing vessel consists of a plastic cylinder filled with 48 stacked 
small agate or corundum cylinders. The particle size of the sample material to be 
crushed in this type of mill was no larger than 100 microns (i.e. what is obtainable 
from a swing mill). Approximately 3 g of sample and 10 – 12 ml of ethanol was 
placed into the micronization vessel and then into the arm of the mill. The timer of 
the mill is typically set to 0.2 (hr) (i.e. 12 minutes). The slurry obtained is 
homogenous and the particle size is ideally in the range of 1 – 5 microns. The 
mixture of sample/ethanol is placed in a pre-labelled beaker and left to dry overnight 
in an oven at 50 – 60°C. The samples required remixing prior to its use to counteract 
any segregation of phases during the drying step. The micronized powder was then 
used to identify all the mineral phases of the sample providing that the phases were 
present in sufficient abundance. 
Randomly-Orientated Powder Samples 
Approximately 1.5 – 2 g of powder was lightly packed (to avoid as much as practical 
pressure orientation), into the back side of a circular cavity of an aluminium plate. 
The pressing was done using a small plastic cylinder and a metal ring for guidance. 
After the powder was packed, the plastic cylinder and metal ring were removed and 
the second half of the holder was carefully clicked on. The entire holder was then 
lifted, inverted and placed face upward into the autosample changer carousel. When 
the entire batch was ready, the carousel was placed in the auto-sample changer, ready 
for data acquisition. Each sample was analysed using the PANalytical X’Pert PRO 
MDP Powder X-ray diffractometer (radius 240mm), and incident X-ray radiation 
was produced from a PW3050/60 (Ɵ/Ɵ) goniometer with a cobalt anode, operating at 
40 mA and 40 kV. The incident beam passed through a fixed slit of 0.5˚ at a start 
position of 4.008˚ 2Ɵ, an end position of 89.9944˚ 2Ɵ, a step size of 0.017˚ 2Ɵ and a 
sample scan time of 30 minutes.  
Result Modelling 
Modelling of XRD data was conducted by QUT’s, CARF. Total pattern 
analysis solutions (TOPAS) software (version 4.1) was used for Rietveld refinement 
against the collected powder diffraction patterns. The included CoKa7 emission 
profile was used, but modified to include additional components unique to the 
particular diffractometer employed. A twelve term Chebyshev polynomial and a 1/X 
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function were used to model the background. A measured instrument function 
previously determined from NIST SRM 660a was used to model the peak shapes so 
only refinement of Lorentzian and/or Gaussian crystallite size and/or strain terms for 
each phase as appropriate was required. Other refined parameters included scale 
factors, sample displacement, and all unit cell parameters. As no internal standard 
was used, refined weight percentage values are relative and no amorphous content 
can be quantified. Errors are reported as numbers in parentheses and are the 
estimated standard deviation (esd) in the least significant digit/s. The data range for 
refinement was 10 – 90 °2θ. R-factors below 10 are considered solved, with most 
significant phases accounted for. 
3.4.2 Scanning Electron Microscopy and Energy-Dispersive X-Ray 
Spectroscopy 
Scanning Electron Microscopy (SEM) uses a beam of high-energy electrons to 
generate an image of the surface of solid samples. A Hitatchi Analytical TableTop 
Microscope TM3000 was used to acquire SEM imagery at Queensland University of 
Technology’s Central Analytical Research Facility (CARF). Energy-Dispersive X-
Ray Spectroscopy (EDS) was also conducted, enabling the detection of chemical 
elements in a qualitative or quantitative manner. An EDS detector was attached to 
the microscope to conduct this. 
Polished billets were mounted in the SEM. Samples containing carbonates were 
etched in acid, which allowed for a fresh surface of the carbonate to be viewed. The 
etching process involved submerging billets in a 1% formic acid solution for 20 
seconds, followed by submerging in distilled water for 1 minute. Samples were then 
rinsed with distilled water and dried in a 40°C oven overnight. No coating was 
applied to samples. SEM is of particular importance when identifying carbonates, as 
the high magnification can be used to distinguish calcium carbonate polymorphs. For 
example, aragonite is a fibrous calcium carbonate, whereas calcite is a blocky 
mineral with a cubic structure and indicates recrystallization has occurred.  
EDS was conducted in conjunction with the SEM, using polished billets. The SEM 
was fitted with a Bruker Quantax70 Silicon Drift Energy Dispersive e-ray 
Spectrometer. The interaction between electromagnetic radiation and matter, and the 
subsequent X-Ray emissions from the sample is used to identify unique elements. In 
this research it will be particularly useful in identifying key elements such as high 
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and low Mg Calcite and the various iron phases present in the samples. Samples were 
not coated, and charge reduction mode was used. 
3.5 FAUNAL ANALYSIS 
3.5.1 Macro- and Micro-Fossil Assemblages  
Macro- and micro-fossil assemblages are a useful tool when studying Late 
Quaternary climate change. Their correct identification can provide information 
about the environmental settings in which they were deposited. Macro-fossils are 
those that are identifiable to the naked eye or at a low magnification (up to x40) 
(Lowe and Walker, 1997). Micro-fossils are less than 1 mm in size and require the 
use of microscopes for identification (Lowe and Walker, 1997). 
Macro-fossils of particular interest in the Gulf of Carpentaria are corals, marine 
bivalvia and marine gastropoda. Species were identified to the lowest diagnostic 
level possible, through thin sections and disaggregation. The reference book Corals 
of the World (Veron, 2000) was used for coral identification, and mollusca 
identification was after (Abbott and Dance, 1990; Lamprell et al., 1992; Wilson et 
al., 1994). Macro-fossil assemblages will prove most useful in the Gulf of 
Carpentaria as marine mollusca are often well preserved in Late Quaternary 
sediments (Lowe and Walker, 1997).  
The micro-fossils to be observed in the Gulf of Carpentaria coastal deposits are 
foraminifera and coralline red algae. Like macro-fossils, micro-fossils can be used to 
given an indication of the environmental and depositional conditions. Foraminifera 
were identified after (Gupta, 2003; Murray, 1991; Nagel et al., 2016) to genus level. 
The preservation of whole micro-fossils may also be jeopardised, as they are easily 
damaged and destroyed in coarse-grained deposits (Lowe and Walker, 1997).  The 
South Wellesley coastal deposits are predominately coarse grained due to the high 
energy environment.  
Both macro- and micro-fossil analysis was conducted in a qualitative nature, in that 
relative abundances were classified as rare, present, common, abundant or very 
abundant based on observations in the field and thin section. This approach was 
taken due to the large scale nature of data collection.  It was not fundamental to the 
research to collect quantitative data, thus observations of relative abundance was 
sufficient. 
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Chapter 4: Results 
This chapter presents the results of AMS radiocarbon dating, uranium-series 
dating, facies schemes and stratigraphy, petrographic findings and geochemical 
analysis results from X-Ray powder diffraction and scanning electron microscopy.  
Regional geology and stratigraphic logs of Albinia, Bentinck and Sweers 
Islands are outlined in Section 4.1. Section 4.2 presents the coral identification on the 
islands. Section 4.3 presents the facies scheme adapted for the three islands and 
section 4.4 X-Ray diffraction data. Section 4.4 presents the petrographic results and 
sample classifications. Section 4.5 provides the x-ray diffraction data and section 4.6 
presents the scanning electron microscopy imagery and carbonate cement 
identifications. Section 4.7 details the radiocarbon dating results and section 4.8 
follows with the uranium series dating results.  
4.1 REGIONAL GEOLOGY AND STRATIGRAPHIC LOGS 
4.1.1 Albinia Island 
Albinia Island (Figure 4.1) was dominated by two geological units; Qcba – the 
laterite, coral rubble, beachrock unit (also observed on Sweers Island) and Qm, the 
remaining unlithified sediments composed of coquina and calcarenite shelly 
quartzose sand beach ridges (Day, 1983). These features are shown in field images in 
Figure 4.2, whereby the south-eastern corner of Albinia provided a well-preserved, 
stratigraphic sequence. 
 
Figure 4.1: Regional geology of Albinia Island (adapted from Day, 1983). 
Sample site 
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Figure 4.2. Field images from Albinia Island – Top left: coquina and calcarenite shelly quatzose sand 
beach ridges. Bottom left: coastal beachrock deposits overlaying dense coral rubble unit. Right: Close 
up of beachrock sequence. 
Figure 4.3 shows the stratigraphic log compiled for Albinia West 1. Similar to 
Sweers Island, the stratigraphic sequence consists of a basal lateritic unit, followed 
by coral rubble and a number of beachrock facies. A significant distinction is the 
absence of an aeolianite unit. Instead, the stratigraphy on Albinia Island was capped 
by a planar bedded beachrock, and more evidence of cyclic storm events was 
observed in the form of interbedding. 
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Figure 4.3: Stratigraphic Log – Albinia West 1. 
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4.1.2 Bentinck Island 
Bentinck Island the largest of the three islands included in this study, is comprised of 
unconsolidated siliciclastic and bioclastic sediments overlying consolidated deposits 
of Quaternary and Cretaceous age (Figure 4.4). Interpreted units, that are consistent 
with those identified on Sweers Island from 1: 250000 Geological Series Maps (Day, 
1983), are units Qrp, Qm, Qrd, T & Qf and Kln. Other units include Qac; quartzose 
sand, silt and clay deposits of littoral, paralic, estuarine environments. Qcba; the 
laterite, coral rubble, beachrock and aeolianite are sequence specific to Bentinck 
Island as well as the fossil mangrove facies, which was identified at Wind Story 
towards the south of the island.  
 
Figure 4.4: Bentinck Island geological map (adapted from Day, 1983). 
 
  
Wind Story 
Bentinck Island South 
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Figure 4.5 are field images taken on Bentinck Island, highlighting the variation in 
outcrops. Bentinck Island exhibited more coastal outcrops than Albinia and Sweers 
Islands, and the southern section of Bentinck Island was selected as the primary 
study site due to its well preserved sequence of coral rubble, beachrock and 
aeolianite. Additionally, fossil bivalves were well preserved and distributed 
throughout the sequence making it an ideal location to constrain the deposits.  
 
Figure 4.5. Field images from Bentinck Island – Left: laterite bedrock below fossil mangroves,. Top 
right: Coastal beachrock deposits capped by. Bottom right: Coquina sands, stretching into tidal flats in 
the distance. 
Figure 4.6 is the stratigraphic log compiled for Bentinck Island South. Lateritic 
bedrock sits at the base of the unit, followed by the coral rubble, beachrock and 
aeolianite sequence. The stratigraphic section on Bentinck Island had features which 
resembled both Albinia and Sweers Islands. For example, interbedding was 
observed, similar to Albinia, and aeolianite was observed, similarly to Sweers. 
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Figure 4.6: Stratigraphic Log – Bentinck South 1. All sample dates are in cal. yr BP. 
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4.1.3 Sweers Island 
A geological map was constructed for Sweers Island (Figure 4.7). Sweers Island is 
dominated by unconsolidated soils, silts and sandy sediments. Primary targets for this 
research were the consolidated coastal beachrock outcrops. Sections observed and 
studied include the Qcba unit, consisting of a laterite, coral rubble, beachrock, and 
aeolianite sequence. The T & Qf laterite unit, and the Kln unit of the Normanton 
Formation, form the basement geology consist of labile sandstone, minor siltstone, 
mudstone and predominately limestone. Other units include tidal flats (Qrp), beach 
ridges (Qm) and aeolian sand dunes (Qrd).  
 
Figure 4.7: Regional geology of Sweers Island (adapted from Day, 1983). 
 
 
  
North Sweers Island 
Inspection Hill 
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Figure 4.8 displays field images taken on Sweers Island. The island was dominated 
by unconsolidated sediments however outcrops in the south eastern Inspection Hill 
and northern coastline are shown. The north eastern section of Sweers was of notable 
interest due the preservation of large (>10 cm) corals and abundance of datable 
marine shells. 
 
Figure 4.8. Field images from Bentinck Island – Top left: laterite bedrock below limestone at 
Inspection Hill. Bottom left: Clear contact between lateritic basement and limestone unit above. Top 
right: Coastal beachrock deposits containing corals capped by aeolianite. Bottom right: Close-up of 
cross-bedded beachrock with an abundance of fossils. 
A composite stratigraphic log (Figure 4.9) from the north-eastern coastline of 
Sweers (17°4'36.81"S 139°38'23.92"E) shows the general stratigraphic sequence. 
This sequence is defined by the lateritic bedrock, followed by a succession of coral 
rubble, beachrock and aeolianite facies. 
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Figure 4.9: Stratigraphic Log – North Sweers Island. Sample ages in white are in cal. yr BP, sample 
ages in grey are uranium-series dates. 
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4.2 CORAL IDENTIFICATON 
Coral deposits were primarily observed on Sweers Island in the form of 
‘floater’ bands. ‘Floater’ coral bands identified in the aeolianite unit provided 
evidence of redeposited storm beds (Figure 4.10). These bands contained coral heads 
that ranged in size from 5 – 40 cm and indicate storm re-deposition due to the range 
in size, evidence of rounding and re-working as transported material and distal to in 
situ coral growth. Coral species identified were from the Favidae and Portidae 
families. These species include F. pallida, L. phrygia, C. serailia, G. favulus and G. 
norfolkenis (Figure 4.11). In some cases it was difficult to identify corals to species 
level due to the weathering and recrystallisation of the septa, corallites and costae. 
However, best efforts were made and overall it was observed that Favid’s were the 
most dominate coral family within the ‘floater’ bands on Sweers Island.  
 
Figure 4.10: ‘Floater’ coral bands in aeolianite unit, Sweers Island. Red lines indicate extent of bands. 
Coral deposits were also observed in the coral rubble and basal beachrock 
units. However weathering and fragmentation severely reduced the ability for the 
preserved corals to be identified. In the coral rubble Goniopora sp. was identified. 
Fragmented and whole F. pallida, L. phyrgia, G. norfolkenis, A. humilis, Leptastrea 
sp. were identified at the base of the beachrock unit on Sweers Island.  
Table 4.1 lists the species of corals identified on Sweers Island and key 
characteristics to identifying them, as well as their typical environments (Veron, 
2000).  
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Table 4.1: Coral Species identified and sampled on Sweers Island. 
Sample Family Genus & 
Species 
Characteristics Environment 
SE1 
SE5 
SE9 
SE12 
Favidae Favia 
pallida 
• Massive colonies 
• Flat or dome shaped 
structures 
• Closely compacted, 
circular corallites 
• 8-12 mm irregular septa 
Typical of all 
reef 
environments, 
dominant in 
back reef 
margins 
SE3 Portidae Goniopora 
norfolkenis 
• Massive 
• Medium-sized (3-5 mm) 
corallites 
• Hemispherical or 
encrusting 
Shallow reef 
SE6 Favidae Leptoria 
phrygia 
• Massive or encrusting 
• Sinuous uniform corallite 
valleys 
• Equally spaced, uniform 
septa 
• Plate like columellae 
• Lobed upper margins 
Most 
environments, 
bar those with 
turbid waters. 
Highly abundant 
on upper reef 
slope 
SE13 Favidae Cyphastrea 
serailia 
• Massive or encrusting 
• Plocoid corallites 
• Massive to columnar 
colonies 
• Equally sized, rounded 
corallites 
• Costae do not alternate 
strongly 
• 12 primary septa 
All reef 
environments 
SE14 Favidae Goniastrea 
favulus 
• Massive colonies – 
spherical or thick flat 
plates 
• Ceriod to submeandroid 
corallites with thin walls 
Intertidal 
SN1 Favidae Leptastrea 
sp. 
• Flat colonies, with 
angular, cerioid corallites 
• Tightly compact septa 
All reef 
environments 
SE8(1) Acroporidae Acropora 
humilis 
• Digitate colonies 
• Thick branches, tapering 
to dome-shaped axial 
corallites 
• Radial corallites are of 
two sizes – larger in rows 
and have thick walls 
Exposed upper 
reef slopes and 
reef flats 
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Figure 4.11: Coral specimens from North Sweers Island. A: F. pallida, B: C. serailia, C: G. norfolkenis, D: 
G. favulus and E: L. Phrygia. 
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Coral was also identified on Bentinck, however not in the well-preserved 
condition of those found on Sweers. Figure 4.13 shows a highly weathered and 
recrystallised coral sample. Original coral structures were unable to be observed and 
all original aragonite cement had recrystallised. It was identified to the genus level as 
Goniopora sp. 
 
Figure 4.12: Coral specimen from Southern Bentinck Island Goniopora sp. 
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4.3 FACIES SCHEME 
The sedimentary facies scheme (Table 4.2) is defined by the lithological and 
biological characteristics of the sedimentary deposits observed on Albinia, Bentinck 
and Sweers Islands. The characteristics that define these facies include sedimentary 
structures, sediment composition, grain size and shape, and cement type.  
Table 4.2: Facies Scheme. 
Facies 
# 
Facies Description Island 
1 Lateritic Bedrock Highly weathered mottled 
orange/red/white fine-grained mudstone 
forming the underlying bedrock. Often 
forming wave cut cliffs and platforms in 
coastal outcrop. Lower Cretaceous in 
age, the laterite is part of the Normanton 
Formation forming the basal unit of the 
South Wellesley Islands (Day, 1983). 
All 
2 Coral Rubble 
Grainstone/Boundstone 
A laterally discontinuous unit, observed 
in sharp unconformable contact with the 
lateritic bedrock. The deposits are dense 
and reworked, comprised of a medium- 
to very coarse sandy matrix with 
abundant gastropods (Telescopium sp.) 
and bivalves (Gafrarium sp.). Coralline 
red algae are present and rare 
foraminifera (Ammonia sp., Elphidium 
sp.). This unit included fragmented and 
whole corals (Goniospora sp.) and 
reworked shelly rubble with grainstone 
or boundstone texture. Ironstones were 
also abundant and in some sections an 
interlayered clay-like texture was 
observed.  
All 
3 Consolidated 
Beachrock 
Consolidated beachrock deposits 
dominated coastal cliff outcropping units 
overlying wave cut platforms, as well as 
low-lying scattered deposits on open 
beaches. Stratigraphic variations within 
the beachrock were defined by cross-
bedding, grain size, and composition. 
The general strike of the foreset beds is 
east-west with dip varying between units 
from horizontal to ~25°. The facies is 
mixed siliciclastic and bioclastic. 
Individual units are generally fining up, 
from gravel and coarse-grained 
Sweers 
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grainstone to medium-grained 
grainstone. Foreset beds also transition 
from shallow dipping to horizontal 
bedding up sequence. Allochems 
included very abundant coralline red 
algae, common to abundant bivalves (G. 
tumidum, G. australe), present to very 
abundant gastropods (T. telescopium, P. 
sulcatus), rare foraminifera (Ammonia 
sp., Elphidium sp.) and rare echinoderms. 
Abundant coral species from the Favidae 
Portidae and Acroporidae families (F. 
pallida, L. phyrgia, G. norfolkenis, A. 
humilis, Leptastrea sp.) are often 
concentrated at the base of the facies. 
The siliciclastic components are 
dominated by subrounded quartz grains 
and ranged from very-fine to very-
coarse, and moderately sorted. 
Hematitie/goethite clasts were 
subangular-subrounded, poorly sorted 
and fine to medium-pebble sized. Clasts 
of reworked laterite and carbonate rich 
sandstone (3 to 15 cm) were rare to 
present throughout the unit.  
4 Poorly Consolidated  
Beachrock 
The poorly consolidated beachrock facies 
had a strike direction in a southeast- 
northwest direction. Cross-bedding up to 
3 m, dipping at low angles (11°-28°S) 
towards the south and planar bedding 
characterised this facies. Some units 
were graded from coarse-grained 
grainstone (allochemic sandstone) at the 
base, upwards to a fine-grained 
grainstone. Clasts were predominately 
coarse-silt to fine-grained sand and 
subrounded, however fine pebble sized 
clasts of quartz and hematite/goethite 
were rare. Allochems were heavily 
fragmented and included very abundant 
gastropods (Terebralia sp., Calliostoma 
sp.) and bivalves (G. tumidum, G. 
australe, L. hemicardium). Coralline red 
algae is present and rare coral fragments 
and  foraminifera (Ammonia sp., 
Elphidium sp.). Allochems ranged in size 
from 0.4 – 5.5 mm. Rare clasts of laterite 
(30 – 100 mm), and rare limestone clasts 
(170 mm) were observed. 
Albinia 
Bentinck 
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5 Bioturbated Beachrock This facies is characterised by 
bioturbated, medium-grained, cross-
bedded beachrock unit. Bioturbation is 
intense with lateral and vertical 
burrowing (20 – 30 cm laterally, 2 – 8 
cm vertically). The unit is completely 
recrystallised and dominated by a blocky 
calcite cement. Bivalves (Gafrarium sp.) 
and gastropods (Terebralia sp., 
Calliostoma sp.) are rare, and benthic 
foraminifera were common. Lateral 
variability in dip direction ranging from 
seaward (south) and landward (north).  
Albinia 
6 Cyclic Beachrock and 
Litharenite 
 
This facies was characterised by 
alternating coarse beachrock units and 
interbedded very fine-grained litharenite 
beds (1 – 2 cm). Medium- to very coarse-
grained beachrock deposits varied in 
thickness from 3 – 58 cm, and were 
dominated by moderately-sorted, 
subangular to subrounded quartz and 
hematite/goethite clasts.  Large bivalves 
(Gafrarium sp.)  >2 cm were abundant 
and gastropods (Terebralia sp., 
Calliostoma sp.) ranging in size from 0.5 
– 1 cm were common.  These coarser 
units were generally graded. The very 
fine-grained interbedded litharenite 
intervavls were characterised by 50% 
quartz and 50% lithic fragments in the 
form of pesoliths with minimal bioclastic 
fragments observed. 
Albinia 
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7 Aeolianite Aeolianite deposits represented the 
youngest consolidated deposition on 
Bentinck and Sweers Islands. Aeolianite 
deposits were identifiable by a fine 
grained sandy composition and karstic 
weathering. The facies was defined by 
massive, very fine to medium-grained 
siliciclastic and bioclastic sediments 
(Figure 4.4). The aeolianite facies is a 
laterally variable unit reaching up to two 
metres in some sections. It is 
characterised by coarse-silt to granule 
sized, poorly-sorted, subangular to 
subrounded, quartz and hematite/goethite 
clasts. Bioclasts included very abundant 
gastropods (Terebralia sp., Calliostoma 
sp.), bivalves (G. tumidum, G. australe, 
L. hemicardium), coralline red algae, 
benthic foraminifera and common coral 
fragments.  
Bentinck 
Sweers 
8 Aeolianite with Coral 
Floaters 
Within the aeolianite facies corals (F. 
pallida, L. phyrgia, G. norfolkenis C. 
serailia) ranging in size from 6 to 13 cm 
appear as concentrated bands. In 
association with the coral concentrations 
are abundant 1 – 2cm bivalves 
(Gafrarium sp.) and coralline red algae. 
Sweers 
9 Recrystallised 
Wackestone/Packstone 
The recrystallised wackestone/packstone 
facies is a much denser, recrystallised 
unit, sitting unconformably above the 
lateritic unit on Inspection Hill on the 
southeastern corner of Sweers Island. 
The facies was defined by bioclastic 
material with minor quartz and 
hematite/goethite. Common benthic 
foraminifera (Ammonia sp., Elphidium 
sp.), and common to abundant 
fragmented and whole bivalves 
(Gafrarium sp.), present to common 
gastropods (Terebralia sp., Calliostoma 
sp.) and echinoderms are rare. Abundant 
coralline red algae and rare coral 
fragments were identified in the unit, 
generally surrounded by a sparry calcite 
cement.   
Sweers 
10 Swalley Cross 
Stratified Shelly Rubble 
(Allochemic 
This facies is a very coarse-grained, 
bioclastic rich shelly gravel facies. 
Swalley cross-stratification characterises 
this facies. Poorly sorted quartz and iron 
Albinia 
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Sandstone)  
 
pesoliths were common. Bivalves 
(Gafrarium sp.)  are abundant and  
gastropods (Terebralia sp., Calliostoma 
sp.) are common. Rare coralline red 
algae were observed, ranging in size 
from 0.3 – 9.0 mm and were heavily 
recrystallised and fragmented.  
11 Fossil Mangrove The fossil mangrove facies was a unique 
deposit, found in outcrop at Wind Story 
(Figure 4.14). The deposit is dense, 
dominated by bioclasts and red coloured 
due to the presence of iron. Foraminifera, 
gastropods and bivalves are present (of 
unknown species), coralline red algae 
abundant. Poorly-sorted, subangular 
quartz and moderately-sorted, subangular 
hematite/goethite was present ranging in 
size from coarse-silt to very coarse sand. 
The cement was a fine-grained marine 
sparry calcite.  
Bentinck 
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4.4 PETROGRAPHY 
The aim of petrographic analysis was to quantify and classify sedimentary 
characteristics, and select suitable samples for radiocarbon and uranium-series 
dating. Sample suitability for dating was based on the ‘clean’ appearance, 
preservation of primary aragonite and minimal to no recrystallization which results in 
the formation of calcite. Table 4.3 displays petrographic images of the corals, their 
genus, species and observations made.  
Table 4.3: Coral petrology and species identification. 
BS10: Goniopora sp. – recrystallised blocky calcite, unclean, not suitable. 
  
BS12: Bivalve (clam) – fibrous aragonite, minimal calcite observed, clean condition. 
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SE1: Favia pallida – fibrous aragonite, minimal calcite observed. 
  
SE3: Goniopora norfolkenis – fibrous aragonite, minimal calcite observed. 
  
SE5: Favia pallida – fibrous aragonite, minor blocky calcite rims. 
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SE6: Leptoria Phrygia – fibrous aragonite, minimal calcite. 
  
SE8(1); Acropora humilis – predominately blocky calcite, fibrous aragonite present in 
centre.  
  
SE9(2); Favia pallida – fibrous aragonite, minimal calcite observed.  
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SN1; Leptastrea sp. – completely recrystallised blocky calcite. 
  
 
4.4.1 Rock Classification 
The majority of samples were classified using the mixed siliciclastic and 
bioclastic classification scheme of Mount (1985) (Table 4.5). These classifications 
and the number of samples from the field site are as follows: 
- Sandy micrite (1). 
- Allochemic sandstone (4). 
- Micritic sandstone (1). 
- Micritic mudrock (1). 
- Sandy allochem limestone (14). 
- Muddy allochem limestone (2). 
Nine samples were classified using Folk’s classification of carbonates (Folk, 
1959). Folk’s classification was used where the volume of siliciclastic component of 
the rock was <10%.  This classification scheme was used for petrographic analysis as 
it is more quantifiable and provides descriptive terminology. Nine samples were 
identified as biosparites.   
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Table 4.4: Rock classification and petrographic descriptions. 
A2i: sandy allochem limestone – very fine to granule, subrounded, moderately sorted, 
quartz, hematite/goethite, bivalve, foraminifera, gastropod sandy allochem limestone with 
blocky sparry calcite cement. 
  
A2x: sandy allochem limestone – very fine to medium, subrounded, moderately sorted, 
quartz, hematite/goethite, ooid sandy allochem limestone with blocky sparry calcite cement 
and minor micritic cement. 
  
A3: allochemic sandstone – coarse silt to pebble, subangular to subrounded, poorly sorted, 
quartz, hematite/goethite, gastropod, bivalve, red algae allochemic sandstone with blocky 
calcite cement. 
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A4: allochemic sandstone – very fine to pebble, subangular to subrounded, poorly sorted, 
quartz, hematite/goethite, gypsum, gastropod, bivalve with blocky calcite cement. 
  
A5: allochemic sandstone – coarse silt to pebble, subangular to subrounded, moderately 
sorted, quartz, hematite/goethite, bivalve allochemic sandstone with blocky calcite cement. 
  
A6: allochemic sandstone – coarse silt to pebble, subangular to subrounded, poorly to 
moderately sorted, quartz, hematite/goethite, gastropod, bivalve, coral fragment, 
foraminifera allochemic sandstone with blocky calcite meniscus cement. 
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BS7: biosparite (grainstone) – coarse silt to pebble, subangular to subrounded, poorly to 
moderately sorted quartz, hematite/goethite, gastropod, bivalve, red algae, foraminifera, 
coral fragment biosparite with granular meniscus calcite cement. 
  
BS9: biosparite (grainstone) – very fine to pebble, subangular to subrounded, poorly sorted, 
quartz, hematite/goethite, gastropod, foraminifera, red algae, bivalve biosparite with 
meniscus calcite cement. 
  
BS13: clam attached to micritic mudrock – coarse silt to pebble, subangular to subrounded, 
poorly sorted, quartz, hematite/goethite, gastropod, foraminera, bivalve, coral fragment 
micritic mudrock with micritic calcite cement. 
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BS14: sandy allochem limestone – coarse silt to granule, subangular to subrounded, poorly 
sorted, quartz, hematite/goethite, gastropod, bivalve, red algae, foraminifera, coral fragment 
sandy allochem limestone with meniscus blocky calcite cement. 
  
BW1: muddy allochem limestone – coarse silt to pebble, subangular to subrounded, poorly 
sorted, quartz, hematite/goethite, gastropod, red algae, foraminifera, bivalve, coral fragment 
muddy allochem limestone with bladed, blocky and granular calcite cement. 
  
BW2: muddy allochem limestone – coarse silt to granule, subangular to subrounded, poorly 
to moderately sorted, quartz, hematite/goethite, foraminifera, gastropod, bivalve, red algae, 
and blocky calcite cement. 
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SC1: sandy allochem limestone – coarse silt to granule, subangular to subrounded, 
moderately sorted, quartz, hematite/goethite, echinoderm, red algae, bivalve, gastropod, 
coral fragment, foraminifera sandy allochem limestone with bladed sparry calcite meniscus 
cement. 
  
SC2: sandy allochem limestone – very fine to very coarse, subrounded to subangular, 
moderately sorted, quartz, hematite/goethite, bivalve, foraminifera, red algae, gastropod, 
coral fragments with bladed/blocky, sparry meniscus calcite cement. 
  
SE2: sandy allochem limestone – very fine to very coarse, subangular to subrounded, 
moderately sorted, quartz, hematite/goethite, red algae, coral fragment, bivalve, gastropod 
sandy allochem limestone with bladed, sparry calcite cement. 
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SE4: biosparite (grainstone) – very fine to very coarse, subangular to subrounded, poorly to 
moderately sorted, quartz, hematite/goethite, red algae, bivalve, foraminifera biosparite with 
bladed, sparry calcite cement. 
  
SE7: biosparite (grainstone) – very fine to granule, subangular to rounded, poorly to 
moderately sorted, quartz, hematite/goethite, red algae, coral, bivalve, foraminifera, 
gastropod biosparite with blocky calcite cement. 
  
SE8(2): biosparite (grainstone) – very fine to pebble, subangular to subrounded, poorly to 
moderately sorted, quartz, hematite/goethite, red algae, echinoderm, coral fragments, 
bivalve, gastropod biosparite with meniscus cement and blocky calcite cement. 
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SE9(1): sandy allochem limestone – fine to very coarse, subrounded, poorly sorted, quartz, 
polycrystalline calcite, red algae, bivalve sandy allochem limestone with meniscus blocky 
calcite cement. 
  
SE10: sandy allochem limestone – medium to granule, subangular to subrounded, poorly to 
moderately sorted, quartz, hematite/goethite, red algae, bivalve, gastropod, coral sandy 
allochem limestone with blocky calcite cement and fibrous aragonite. 
  
SIP1: sandy micrite - coarse silt to coarse sand, subrounded, moderately sorted, quartz, 
bivalve, gastropod, foraminifera sandy micrite with micritic calcite cement. 
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SIP2: sandy allochem limestone – coarse silt to coarse sand, subangular, moderately sorted, 
quartz, foraminifera, bivalve, red algae, gastropod sandy allochem limestone with 
granular/blocky calcite cement. 
  
SIP3: sandy allochem limestone – fine to coarse, subangular to subrounded, moderately 
sorted, quartz, bivalve, red algae, foraminifera, gastropod sandy allochem limestone with 
granular/blocky calcite cement. 
  
SIP4: sandy allochem limestone – fine to very coarse, subangular to subrounded, moderately 
sorted, quartz, hematite/goethite, red algae, foraminifera, bivalve, gastropod sandy allochem 
limestone with blocky calcite cement. 
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SIP5: biosparite (grainstone) – very fine to pebble, subrounded, poorly sorted, quartz, 
hematite/goethite, lithic carbonate clasts, echinoderm, red algae, bivalve, coral, gastropod 
biosparite with sparry meniscus calcite cement. 
  
SIP6: sandy allochem limestone – coarse silt to very coarse sand, subangular to subrounded, 
moderately sorted, quartz, hematite/goethite, foraminifera, gastropod, bivalve, red algae, 
coral fragment sandy allochem limestone with blocky calcite cement. 
  
SIP7: biosparite (wackestone) – coarse silt to pebble, subrounded, poorly sorted, quartz, 
hematite/goethite, red algae, bivalve, gastropod, foraminifera biosparite with blocky calcite 
cement. 
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SIP8: sandy allochem limestone – very fine to pebble, subangular to subrounded, poorly 
sorted, quartz, hematite/goethite, foraminfera, red algae, bivalve, gastropod, coral sandy 
allochem limestone with blocky calcite cement. 
  
SIP9: biosparite (packstone) – coarse silt to pebble, subangular to subrounded, poorly sorted, 
quartz, hematite/goethite, bivalve, red algae, gastropod, foraminifera, coral fragment 
biosparite with blocky calcite cement. 
  
SN2: biosparite (cementstone) – very fine to pebble, subrounded, poorly sorted, quartz, 
hematite/goethite, bivalve, foraminifera, gastropod, red algae biosparite with blocky calcite 
cement. 
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SN3: sandy allochem limestone – very coarse silt to granule, subrounded, moderately sorted, 
quartz, hematite/goethite, gastropod, bivalve, red algae, foraminifera, coral fragment sandy 
allochem limestone with blocky calcite cement. 
  
SW1: micritic sandstone – very coarse silt to granule, subangular to subrounded, poorly 
sorted, quartz, hematite/goethite, red algae, bivalve, gastropod, foraminifera micritic 
sandstone with micritic calcite cement. 
  
4.4.2 Allochems 
A number of macro- and micro-fossils were identified in the samples collected 
from Albinia, Bentinck and Sweers Islands. The following results show the fossils 
identified in the corresponding facies and their relative abundances; absent, rare, 
present, common, abundant and very abundant. The typical environmental range of 
the species identified is also shown. 
Macro-Fossils 
The macro-fossils identified in hand sample and thin section are shown in 
Table 4.5. Samples were identified as whole samples after disaggregation from the 
host rock, or as park of the whole rock specimen in thin section. Fossils identified 
include coral, bivalves, gastropods and echinoderms. Abbott and Dance (1990), 
Lamprell et al. (1992), Veron (2000), Wilson et al. (1994) and were used as 
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references for genus and species identification. Petrographic images of these macro-
fossils are shown in Figure 4.13.  
Micro-Fossils 
The micro-fossils identified in thin section are shown in Table 4.6. 
Foraminifera and encrusting and segmented articulate coralline red algae were the 
primary micro-fossils identified. Foraminifera were identified to genus or species 
level after Nagel et al. (2016), Gupta (2003), Murray (1991) where possible. 
Petrographic images of these micro-fossils are shown in Figure 4.14. 
Table 4.5: Macro-fossils identified in the sedimentary facies on Albinia, Bentinck and Sweers Islands. 
Facies Macrofossil Species Identified Relative 
Abundance 
Environment 
Coral Rubble 
Grainstone/Boundstone 
Coral Goniopora sp. Common Intertidal 
Marine 
Bivalvia 
Gafrarium sp. Abundant Intertidal in 
mud and sandy 
substrate 
Marine 
Gastropoda 
Telescopium sp. Abundant Mangroves 
Consolidated 
Beachrock 
Coral Favia pallida 
Leptoria phyrgia  
Goniopora 
norfolkenis 
Acropora humilis 
Leptastrea sp. 
Abundant Ranging from 
all reef, 
shallow reef, 
upper reef 
slopes and 
intertidal zones 
Marine 
Bivalvia 
Gafrarium 
australe 
Gafrarium 
tumidum 
Common-
abundant 
Intertidal in 
mud and sandy 
substrate 
Marine 
Gastropoda 
Telescopium 
telescopium 
Planaxis sulcatus 
Present-
very 
abundant 
Intertidal 
mangroves and 
rocky shores 
Echinodermata Unidentified 
species 
Rare  
Poorly Consolidated 
Beachrock 
Coral Fragmented 
unidentified 
species 
Rare-
present 
 
Marine 
Bivalvia 
Gafrarium 
tumidum 
Gafrarium 
australe 
Lunulicardia 
hemicardium 
Very 
abundant 
Intertidal in 
mud and sandy 
substrate 
Marine 
Gastropoda 
Terebralia sp. 
Calliostoma sp. 
Very 
abundant 
Intertidal 
mangroves and 
rocky shores 
Bioturbated Beachrock Marine 
Bivalvia 
Gafrarium sp. Rare Intertidal in 
mud and sandy 
substrate 
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Facies Macrofossil Species Identified Relative 
Abundance 
Environment 
Boturbated Beachrock Marine 
Gastropoda 
Terebralia sp. 
Calliostoma sp. 
Rare Intertidal 
mangroves and 
rocky shores 
Cyclic Beachrock and 
Litharenite 
Marine 
Bivalvia 
Gafrarium sp. Abundant Intertidal in 
mud and sandy 
substrate 
Marine 
Gastropoda 
Terebralia sp. 
Calliostoma sp. 
Abundant Intertidal 
mangroves and 
rocky shores 
Aeolianite Coral Fragmented 
unidentified 
species 
Common  
Marine 
Bivalvia 
Gafrarium 
tumidum 
Gafrarium austral 
Lunulicardia 
hemicardium 
Very 
abundant 
Intertidal in 
mud and sandy 
substrate 
Marine 
Gastropoda 
Terebralia sp. 
Calliostoma sp. 
Very 
abundant 
Intertidal 
mangroves and 
rocky shores 
Aeolianite with Coral 
Floaters 
Coral Favia pallida 
Leptorian phyrgia  
Goniopora 
norfolkenis 
Cyphastrea 
serailia 
Abundant Ranging from 
all reef, 
shallow reef, 
upper reef 
slopes and 
intertidal zones 
Marine 
Bivalvia 
Gafrarium sp. Present Intertidal in 
mud and sandy 
substrate 
Recrystallised 
Wackestone/Packstone 
Coral Fragmented 
unidentified 
species 
Rare  
Marine 
Bivalvia 
Gafrarium sp. Common-
abundant 
Intertidal in 
mud and sandy 
substrate 
Marine 
Gastropoda 
Terebralia sp. 
Calliostoma sp. 
Present-
common 
Intertidal in 
mud and sandy 
substrate 
Echinodermata Unidentified 
species 
Rare  
Swalley Cross-
Stratified Shelly 
Rubble (Allochemic 
Sandstone) 
Marine 
Bivalvia 
Gafrarium sp. Abundant Intertidal in 
mud and sandy 
substrate 
Marine 
Gastropoda 
Terebralia sp. 
Calliostoma sp. 
Common Intertidal 
mangroves and 
rocky shores 
Fossil Mangrove Marine 
Bivalvia 
Unidentified 
species 
Present  
Marine 
Gastropoda 
Unidentified 
species 
Present  
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Figure 4.13: Macrofossils in thin section – A: Echinodermata, B-D: Marine Gastropoda, E-H: Marine Bivalvia. 1 denotes plain polarised light, 2 denotes crossed polarised 
light. Scale is for all images, bar D1 & D2 where scale is visible on image.
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Table 4.6: Micro-fossils identified in the sedimentary facies on Albinia, Bentinck and Sweers Islands. 
Facies Microfossil Species 
Identified 
Relative 
Abundance 
Environment 
Coral Rubble 
Grainstone/Boundstone 
Foraminifera Ammonia sp.  
Elphidium sp. 
Rare Marginal marine, 
intertidal zone – mud, 
silt and sand 
substrates  
Coralline Red 
Algae 
Unidentified 
species 
Present  
Consolidated 
Beachrock 
Foraminifera Ammonia sp.  
Elphidium sp. 
Rare Marginal marine, 
intertidal zone – mud, 
silt and sand 
substrates 
Coralline Red 
Algae 
Unidentified 
species 
Rare  
Poorly Consolidated 
Beachrock 
Foraminifera Ammonia sp.  
Elphidium sp. 
Rare Marginal marine, 
intertidal zone – mud, 
silt and sand 
substrates 
Coralline Red 
Algae 
Unidentified 
species 
Present  
Bioturbated Beachrock Foraminifera Ammonia sp.  
Elphidium sp. 
Common Marginal marine, 
intertidal zone – mud, 
silt and sand 
substrates 
Cyclic Beachrock and 
Litharenite 
N/A    
Aeolianite Foraminifera Ammonia sp.  
Elphidium sp. 
Very abundant Marginal marine, 
intertidal zone – mud, 
silt and sand 
substrates 
Coralline Red 
Algae 
Unidentified 
species 
Very abundant  
Aeolianite with Coral 
Floaters 
Coralline Red 
Algae 
Unidentified 
species 
Very abundant  
Recrystallised 
Wackestone/Packstone 
Foraminifera Ammonia sp.  
Elphidium sp.. 
Common Marginal marine, 
intertidal zone – mud, 
silt and sand 
substrates 
Coralline Red 
Algae 
Unidentified 
species 
Rare  
Swalley Cross 
Stratified Shelly 
Rubble (Allochemic 
Sandstone) 
Coralline Red 
Algae 
Unidentified 
species 
Rare  
Fossil Mangrove Foraminifera Unidentified 
species 
Present Marginal marine, 
intertidal zone – mud, 
silt and sand 
substrates 
Coralline Red 
Algae 
Unidentified 
species 
Abundant  
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Figure 4.144: Micro-fossils in thin section – A-C, E-F: Benthic Foraminifera, D, G-H: Coralline Red Algae. 1 denotes plain polarised light, 2 denotes crossed polarised light. 
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4.5 X-RAY DIFFRACTION DATA 
X-Ray Diffraction data to aid in phase identification was collected from the 
QUT CARF and are shown in Table 4.7. Bulk XRD analysis on four coral samples 
and nineteen bioclastic rock samples was conducted. The results highlight several 
different phases that were present in the samples and confirmed earlier petrographic 
identification of minerals. Phases identified in coral samples were aragonite, calcite, 
low Mg calcite, high Mg calcite and quartz. Phases identified in rock samples were 
aragonite, calcite, quartz, low Mg calcite, high Mg calcite, goethite, kaolinite and 
hematite. In some cases multiple phases had to be selected, most commonly calcite 
and kaolinite. This was due to the difficulty with fitting it to the profile 100% and 
was likely caused by powdered sample being packed in preferred orientation, the 
incorrect identification of phase or inclusion of clay in the recrystallization matrix. 
Appendix A shows the cluster diagrams for the XRD samples. The reliability indexes 
are displayed to assess the data quality. R-values (Rwp) of less than 10 are 
considered solved. Goodness of fit (GOF) values of 1-5 is a good indicator of a well 
fit model. Values <1 indicate over modelling, and a value >10 needs to be visually 
inspected to determine the fit. The error (estimated standard deviation) for all phase 
was <0.5% and the average error for each phase was 0.3%. Outliers are highlighted 
in red which in this instance indicate unsolved r-values. XRD results were then 
correlated to the stratigraphic logs taken on Albinia, Bentinck and Sweers Islands 
(Figure 4.15, 4.16 and 4.17). This was to determine phase changes throughout the 
units.  Sections that show no XRD data (eg. Sweers Island 0 – 380 cm) is due to lack 
of preserved material suitable for dating. 
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Table 4.7: X-Ray powder diffraction results of relative phase % of samples. 
Sample 
Name 
Sample 
Type 
Lab 
Code 
Rwp GOF 
A
ra
go
ni
te
 
C
al
ci
te
 
G
oe
th
ite
 
H
em
at
ite
 
K
ao
lin
ite
 
Q
ua
rt
z 
BS1 Beachrock 8751-1 5.51 1.96 43.9 21.03 15.87 - 8.46 10.74 
BS2 (1) Beachrock 8751-2 6.4 2.39 11.80 41.47 16.59 - 17.15 12.99 
BS3 Beachrock 8751-3 7.23 2.33 19.58 54.60  - 5.47 20.30 
BS4 Beachrock 8751-4 4.95 2.11 8.15 29.31 22.31 6.93 18.37 14.93 
BS5 Beachrock 8751-5 5.42 2.08 5.87 41.62 13.20 4.89 13.62 20.81 
BS6 Beachrock 8751-6 5.19 2.35 3.92 28.03 23.70 10.79 20.58 12.98 
BS7 Beachrock 8751-7 5.35 2.32 5.35 29.89 22.41 8.05 21.78 12.52 
BS9 Beachrock 8751-8 4.29 1.74 22.31 21.59 18.42 6.7 14.93 16.06 
BS12 Beachrock 8751-9 11.54 1.74 1.74 97.47 - - - 0.79 
BW2 Fossilised 
Mangrove 
8751-10 7.39 2.18 - 97.43 - - - 2.57 
A1b Coral 
Rubble 
8751-11 7.1 2.13 - 86.77 - - - 13.23 
A2i Coral 
Rubble 
8751-12 7.22 2.15 - 87.3 - - - 12.7 
A3 Cross-
Stratified 
Shelly 
Rubble 
8751-13 6.11 2.1 - 72.57 7.62 - - 19.81 
A4 Cross-
Bedded 
Shelly 
Rubble 
8751-14 3.75 1.87 - 24.69 27.96 21.77 12.87 12.71 
A5(2) Litharenite 8751-15 4.14 1.75 - 33.76 19.47 7.52 10.67 28.58 
A6 Beachrock 8751-16 5.19 1.99 - 42.41 11.44 6.11 5.66 34.38 
SE1 Coral 8751-17 5.75 1.65 96.39 2.2 - - - 1.41 
SE3 Coral 8751-18 6.25 1.81 93.34 4.2 - - - 2.46 
SE7 Beachrock 8751-19 7.68 2.3 87.44 7.47 - - - 5.1 
SE8 Coral 8751-20 6.4 1.88 32.73 63.86 - - - 3.41 
SE9(1) Beachrock 8751-21 7.18 2.13 14.05 79.07 - - - 6.89 
SE9(2) Coral 8751-22 6.01 1.71 91.34 7.71 - - - 0.95 
SE10 Beachrock 8751-23 6.7 1.99 31.25 65.85 - - - 2.9 
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Figure 4.15: Albinia Island – West 1 stratigraphic log and phases identified after XRD analysis. 
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Figure 4.16: Bentinck Island – South 1 stratigraphic log and phases identified after XRD analysis. 
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Figure 4.17: Sweers Island – East 1 stratigraphic log and discreet elemental phases identified after 
XRD analysis of corals (note samples were free of oxides). 
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4.6 IDENTIFICATION OF DIAGENETIC ELEMENTS 
4.6.1 Carbonate Cement Types 
The results from SEM and EDS were used to identify elemental phases in each 
of the key stratigraphic facies identified on Albinia, Bentinck and Sweers Island and 
aid with the interpretation of diagenetic processes. The type of cement plays an 
important role in determining the environment settings. Reference texts from Flügel 
(2004) and Scholle and Ulmer-Scholle (2003) were used to aid in the identification 
of cement composition, type and fabric. Table 4.8 shows common cement types 
identified. These included microcrystalline, blocky, granular and meniscus. 
Predominately, blocky and meniscus calcite were the primary cement types 
observed. 
Table 4.8: Cement types observed in SEM and the associated chemistry and precipitation setting. 
Cement Type Carbonate 
Chemistry 
Precipitation 
Setting 
SEM Sample 
Blocky Low-Mg 
Calcite 
 
Meteoric 
Phreatic Zone 
 
Meniscus Low-Mg 
Calcite 
Meteoric 
Vadose Zone 
Marine 
Vadose Zone 
(mixing 
zone) 
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Granular Low-Mg 
Calcite 
 
Meteoric 
Vadose Zone 
Meteoric 
Phreatic Zone 
 
Microcrystalline
/Micritic 
High-Mg 
Calcite 
Marine 
 
 
SEM and EDS were used to identify the phases of marine or meteoric diagenesis. 
Three key units were selected for this analysis; coral rubble, beachrock and aeolianite 
with the aim of recognising where each rock type underwent diagenesis and if there 
were multiple stages.  
Coral Rubble Facies 
The coral rubble facies represented the basal unit across the three islands in 
sharp contact with the laterite bedrock. High-Mg calcite was the dominant cement 
type identified (Figures 4.18 and 4.19), which formed around bioclastic and 
siliciclastic grains. Iron nodules with quartz inclusions were abundant. Original 
fibrous aragonite was still observed in fossils, and intense microborings were 
common (Figure 4.20).   
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Figure 4.18: Sample BS12 – Coral Rubble Bentinck Island (Facies 2, Table 4.2). Fe – iron nodules, 
Mg – Magnesium, Ca – calcium carbonate clasts and cement. Arg – Fibrous aragonite bivalve, HMC 
– high-magnesium calcite micritic cement, Q – Quartz. 
 
Figure 4.6:  
 
Figure 4.19: Sample BS9 – Coral Rubble Bentinck Island (Facies 2, Table 4.2). Fe – iron nodules, Si – 
quartz clasts, Ca – calcium carbonates clasts and cement. 
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Beachrock Facies 
The beachrock facies (Facies, 3 – 6, Table 4.2) identified across the three 
islands provided evidence for marine and meteoric diagenesis. Basal beachrock 
deposits on Albinia Island indicated two sequences of diagenesis. Recrystallised 
ooids with a quartz nucleus are shown in Figure 4.21, and these clasts are surrounded 
by and infilling sparry calcite cement.  
 
Figure 4.21: Sample A2i – Beachrock Albinia (Facies 5, Table 4.2). Mg – magnesium, Si/Q – quartz 
clasts, Ca – carbonate cement and clasts . a – recrystallised ooid, b – infilling sparry calcite cement 
Further up the beachrock sequence, similar observations were made (Figure 
4.22). A gastropod with calcite dissolution fabric and only minor fringing aragonite 
shows that similar diagenetic processes occurred throughout the beachrock sequence. 
These features are typical of the meteoric phreatic zone.  
 Figure 4.20: Intense bioturbation in coral rubble deposit on Bentinck Island - sample no. BS13 (Facies 
2, Table 4.2). 
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Figure 4.22. Sample BS7 – Beachrock Bentinck (Facies 4, Table 4.2) Gastropod fossil, Arg - minor 
aragonite on rim. Ca – calcite with dissolution fabric, Q – quartz clasts. 
 
Aeolianite Facies 
The aeolianite facies, outcropping on Bentinck and Sweers Island showed 
evidence for vadose zone diagenesis. The aeolianite facies showed a meniscus, low-
magnesium calcite cement, precipitated in the vadose zone (Figure 4.23). This 
curved cement linked bioclastic and siliciclastic fragments, the results of freshwater 
diagenesis. 
 
Figure 4.23. Sample BS14 – Aeolianite Bentinck (Facies 7, Table 4.2) Fe – iron nodules, Si – quartz 
clasts, Ca – calcite meniscus cement. 
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4.7 RADIOCARBON DATING AND CALIBRATION 
Eleven AMS radiocarbon dates were obtained from the University of Waikato 
Radiocarbon Dating Laboratory (Table 4.9). Results are expressed as conventional 
radiocarbon years (14C) and calibrated years BP (cal. yr BP). ‘BP’ refers to ‘before 
present’, where the present is AD 1950 and ‘cal. yr BP’ refers to radiocarbon age 
determinations calibrated to sidereal years. Conventional (uncalibrated) and 
calibrated radiocarbon age determinations are recorded with their laboratory code 
and associated estimated error. Sample elevations are also presented in centimetres 
(cm) relative to present mean sea-level (PMSL) (Sloss et al., 2007; Sloss et al., 
2013).  
 
Table 4.9: Results of AMS radiocarbon dating and calibrated ages of samples. 
Sample 
Location 
Sample 
Name 
Species Lab 
Code 
Elevation 
above 
PMSL 
(cm) 
Radiocarbon 
Age (14C yr 
BP) 
Calibrated 
Age (cal. yr 
BP) 
Calibrated 
Age 
Median 
(cal. yr 
BP) 
South 
Bentinck 
BS1-
1A 
Lunulicardia 
hemicardium 
Wk-
38837 
190-210 4657+29 4694-5275 4965 
North 
Sweers 
SE11 Gafrarium 
australe 
Wk-
38838 
380-410 4656+29 4692-5275 4963 
South 
Bentinck 
BS12 Oyster             
(S. mytiloides?) 
Wk-
38839 
160 4757+24 4814-5333 5089 
South 
Bentinck 
BS4 Gafrarium 
tumidum 
Wk-
39385 
270-305 3923+25 3680-4275 3976 
South 
Bentinck 
BS6 Gafrarium 
tumidum 
Wk-
39386 
320-370 3902+25 3648-4236 3947 
North 
Sweers 
SE9 Favia pallida Wk-
39387 
590-630 5652+25 5879-6314 6102 
North 
Sweers 
SE10 Gafrarium 
tumidum 
Wk-
39388 
490-510 4786+25 4842-5391 5121 
North 
Sweers  
SE6 
(1) 
Leptoria 
phrygia 
Wk-
40373 
590-630 5578+20 5789-6264 6031 
North 
Sweers 
SE6 
(2) 
Leptoria 
phrygia 
Wk-
40374 
590-630 5574+20 5785-6260 6027 
North 
Sweers 
SE1 
(1) 
Favia pallida Wk-
40375 
590-630 5487+20 5679-6175 5925 
North 
Sweers 
SE1 
(2) 
Favia pallida Wk-
40376 
590-630 5520+20 5713-6205 5966 
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4.8 URANIUM SERIES DATING 
Four uranium-series dates were obtained from the Radiogenic Isotope Facility 
(RIF), University of Queensland (Table 4.10). Species, laboratory codes and results 
expressed in uncorrected and corrected ages are presented. All errors are at 2σ level 
and represent mechanical error. 
Table 4.10: Results of uranium-series dating and corrected ages of samples. 
Sample 
Location 
Sample 
Name 
Species Lab Code (230Th/ 
238U) 
(234U/ 
238U) 
Elevation 
above 
PMSL (cm) 
Uncorrected 
Age (BP) 
Corrected 
Age (BP) 
North 
Sweers 
SE6 (1) L. phrygia WZ08_47 0.06125 1.1477 590-630 5974+14 5973+14 
North 
Sweers 
SE6 (2) L. phrygia WZ08_48 0.06168 1.1458 590-630 6027+16 5878+76 
North 
Sweers 
SE1 (1) F. pallida WZ08_49 0.05854 1.1469 590-630 5707+11 5706+11 
North 
Sweers 
SE1 (2) F. pallida WZ08_50 0.05853 1.1454 590-630 5714+12 5713+12 
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Chapter 5: Synthesis and Discussion of 
Results 
This chapter contains discussion, interpretation and evaluation of the results 
with reference to the previous research presented in published literature. Section 5.1 
presents the geological interpretation of the South Wellesley Islands, with a focus on 
Albinia, Bentinck and Sweers Islands. This includes a geological history, 
interpretation of Holocene sea-level change and stratigraphic correlation between 
Albinia, Bentinck and Sweers Islands. Section 5.2 presents the diagenetic processes 
influencing the formation of the three key units and Section 5.3 presents the 
stratigraphic correlation between the three islands.  
5.1 GEOLOGICAL INTERPRETATION AND RELATIONSHIP OF THE 
SOUTH WELLESLEY ISLANDS 
Results from this research provide information on the geological setting of the 
South Wellesley Islands and the nature of mid- to late-Holocene sea-level change in 
the Southern Gulf of Carpentaria. Compositional and depositional information on 
coral deposits, beachrock and aeolianite deposits, with a particular emphasis on 
carbonate chemistry and diagenesis will aid in interpreting the sedimentation history 
and formation of the coastal deposits on Albinia, Bentinck and Sweers Islands.  
5.1.1 Geological History 
The Normanton formation which forms the bedrock of the South Wellesley 
Islands, was deposited approximately 94 – 91 Ma, during the Cretaceous (Smart et 
al., 1980). Other evidence of the Cretaceous, Paleogene and Neogene periods are not 
preserved on the islands surveyed, however the South Wellesley Islands hold an 
excellent record of the Quaternary.  
Radiocarbon and uranium-series dates of reworked coral heads from this study 
(F. pallida and L. phyrgia) show that a period of reef growth was occurring ca. 6,100 
– 5,700 cal. yr BP (Wk-40373, Wk-40374, Wk-40375, Wk-40376 – Table 4.9 and 
WZ08_47, WZ08_48, WZ08_49, WZ08_50 – Table 4.10). This broadly correlates 
with Harris et al. (2008), who found that reef growth persisted from 10,500 – 7,000 
cal. yr BP for most locations around the Gulf of Carpentaria (Figure 5.1).  
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Figure 5.1: Holocene radiometric ages for northern Australia from Larcombe et al. (1995), Harris et 
al. (2004) and Harris et al. (2008). Ages from Harris’s study are shown as circles, indicating that coral 
growth ceased by about 7 cal. yr BP.  
However, the corals deposited on Northern Sweers Island show a maximum 
age of deposition to be ~6,100 years, thus indicating that coral reef growth continued 
well after the 7,000 cal. yr BP. A possible explanation for these early- to mid-
Holocene corals is that the species dated (F. pallida and L. phyrgia) are massive, 
encrusting and most likely formed part of the upper reef front and reef crest (Figure 
5.2) (Veron, 2000). As Harris et al. (2008) suggested that reef growth ceased 7,000 
cal. yr BP due to the ‘give up’ coral reef model and could not keep up with rising 
sea-levels, it is possible that coral growth on the upper reef front and reef crest 
continued until the mid- Holocene. 
 
Figure 5.2: F. pallida and L. phyrgia typical zone of distribution in a reef complex (adapted from 
Nichols, 2009). 
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A radiocarbon age determination from the coral shelly rubble unit at Bentinck 
Island (Coral Rubble Grainstone/Boundstone, Facies 2, Table 4.2) provide evidence 
for the timing and elevation of mid-Holocene sea-level in the Southern Gulf of 
Carpentaria and the associated depositional environments. The radiocarbon age 
determination of 5,089+275 cal. yr BP (Wk-38839, Table 4.1), was obtained on an 
unidentified oyster (S. mytiloides?) at 160 cm above PMSL. Oysters, as encrusting 
organisms are restricted to the intertidal zone on rocky coastlines and provide a more 
precise sea-level indicator as they require solid substrates (Baker and Haworth, 2000; 
Lewis et al., 2013; Lewis et al., 2015; Sloss et al., 2007). Accordingly, the coral 
rubble unit must be at least 5,089 years old.  
Multiple radiocarbon age determinations were obtained from the beachrock 
deposits on Bentinck and Sweers Islands (Consolidated Beachrock, Facies 3 and 
Poorly Consolidated Beachrock, Facies 4, Table 4.2). These age determinations 
provide evidence for the initiation and timing of beachrock sedimentation on the 
islands. A radiocarbon age determination from the base of the beachrock of 
4,965+312 cal. yr BP (Facies 4, Wk-38837, Table 4.9) was obtained on a marine 
bivalve (L. hemicardium) at 190 – 210 cm above PMSL. Similar age determinations 
of 5,121+279 cal. yr BP (Wk-39388, Table 4.9) at 490 – 510 cm above PMSL and 
4,963+312 cal. yr BP (Wk-39338, Table 4.9) at 380 – 410 cm above PMSL were 
obtained on marine bivalves (G. tumidum and G. australe) in Facies 3. These three 
age determinations from the basal sections of beachrock deposits indicate a fairly 
rapid succession of deposition following the deposition of the coral rubble formation. 
As the marine bivalves are constituents of the beachrock, the three age 
determinations provide a maximum age of deposition of approximately 5,100 – 4,950 
years ago.  
The youngest radiocarbon age determinations are from the top of Facies 4 on 
Bentinck Island. Age determinations of 3,976+299 cal. yr BP (Wk-39385, Table 4.9) 
at 270 – 305 cm above PMSL and 3,947+299 cal. yr BP (Wk-39386, Table 4.9) at 
320 – 370 cm above PMSL were both obtained from marine bivalves (G. tumidum). 
These age determinations indicated that beachrock deposition occurred across the 
islands for a continuous period of over 1,000 years (5,100 – 3,950 years ago), 
perhaps longer.  
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A regression in sea-level marked the cessation of beachrock deposition, which 
was shortly followed by the deposition of the aeolianite dune sequence (Facies 7, 8, 
Table 4.2). The transition is observed by a sharp contact between the underlying 
beachrock and the overlying aeolianite deposit on Bentinck and Sweers Islands 
(Figure 5.3). The timing of deposition on Albinia Island, which lays to the west of 
Bentinck and Sweers cannot be constrained, as a marine bivalve (Gafrarium sp.) 
which was selected for radiocarbon dating was abandoned due to recrystallisation. 
Due to the recrystallisation observed on Albinia Island, there is potential for the 
deposits on this island to be older than those on Bentinck and Sweers Islands. 
 
Figure 5.3: Contact in red dashed line between underlying beachrock and aeolianite on Sweers Island. 
5.1.2 Holocene Sea-Level Change 
Holocene sea-level history was interpreted with the aid of radiocarbon and 
uranium-series ages. These ages, taken from biological material gave the maximum 
ages of deposition for the coral rubble, beachrock and aeolianite units on Bentinck 
and Sweers Islands. Beachrock deposits were then used as a proxy for sea-level. It is 
generally agreed that beachrock forms in the intertidal zone when unconsolidated 
sediments become lithified by aragonitic and/or calcitic cements, preserving the 
internal fabric of the beach. Outcrops can be over 3 m in thickness in areas with 
relatively high tidal ranges such as on the Great Barrier Reef and the Gulf of 
Carpentaria, or exposed to high waves/swell conditions (Hopley, 1986; McLean, 
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2011). While beachrock may provide a relatively constrained sea-level indicator in 
microtidal environments, the exact uppermost limit of formation is difficult to 
determine, particularly in areas with higher tidal ranges. With a tidal range of 3 m in 
the South Wellesleys (Church and Forbes, 1981; Wolanski, 1993), beachrock can 
form anywhere within this intertidal zone. Accordingly, samples collected from the 
beachrock formation are given an error of 1.5 m relative to contemporary mean sea-
level. 
Figure 5.4 shows the sea-level trend interpreted from the data collected on 
Bentinck and Sweers Islands. Dates from marine bivalves from beachrock are shown 
as well as fixed biological indicators collected from coral rubble and from previous 
research by Rosendahl (2012). Although the error margins associated with using 
beachrock as a sea-level indicator are up to +1.5 metres, the results show with 
certainty that sea-level during the mid- to late-Holocene in the Southern Gulf of 
Carpentaria reached approximately 2-2.5 m above PMSL 5,200 – 3,950 years ago.  
However, this sea-level reconstruction is based on a limited data set with large 
error margins associated with sea-level proxies related to contemporary sea-level. 
More data would be required to minimise the large error margins and constrain sea-
level further. Nevertheless, these results are consistent with previous research by 
Harris et al. (2008) who suggested sea-level rose rapidly up until 6,000 years BP, 
then fell gradually to present levels. This initial sea-level history for the southern 
Gulf of Carpentaria is also consistent with Lewis et al. (2008) who showed that the 
culmination of the last post-glacial marine transgression reached approximately 2 
metres above PMSL 6,000 years ago. This was followed by a Holocene sea-level 
highstand of between 1 – 2 m between 6,000 – 2,000 years ago, followed by a 
regression to present levels over the last 2,000 years.  
One outlier was removed from the sea-level reconstruction. The age 
determination of 5,121+279 cal. yr BP (Wk-39388, Table 4.9) at 490 – 510 cm above 
PMSL indicated a significantly higher sea-level of up to potentially 6 m higher than 
PMSL. This result was substantially different to the other radiocarbon age 
determinations for around that period and excluding it from the sea-level 
reconstruction gives a better indication of the likely trend of sea-level during the 
mid- to late-Holocene. There is a possible explanation for this result. As previously 
stated, using beachrock as a sea-level proxy comes with some uncertainty. There is a 
 108 Chapter 5: Synthesis and Discussion of Results 
larger margin of error, up to +1.5 m and age determinations need to be used with 
caution. As it does not trend well with this research or previous research it is 
excluded from Figure 5.4 and 5.5.  
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Figure 5.4: Holocene sea-level data for the Southern Gulf of Carpentaria and position of sea-level relative to PMSL from 5,100-3,850 cal. yr BP. Red dashed line represents 
likely position of sea-level curve and shaded box indicates a broader zone where the sea-level trend was likely to occur. 
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During the regression, a facies change from beachrock deposit to an aeolianite 
depositional environment occurred. The aeolianite dune deposit formed above tidal 
datum. The base of aeolianite deposits on Bentinck and Sweers Islands are from 3.9 
and 5.5 metres respectively. This is also represents the contact between the 
backshore and foredune. 
It is most likely that the deposition of the aeolianite occurred for a continuous 
period of time from 3,950 cal. yr BP (Figure 5.4). Aeolianite deposition followed the 
cessation of beachrock deposition, possibly associated with a falling sea-level over 
the mid-Holocene (Lewis et al., 2013). Within the aeolianite facies (Facies 7 and 8, 
Table 4.2) corals aged 6,200 – 5,700 years were reworked into the unit as storm 
redeposited beds.  
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Figure 5.5: Holocene sea-level data for the Southern Gulf of Carpentaria with interpreted age and timing of deposition of the aeolianite unit determined from transported 
corals. Red dashes indicate reworking of older corals within the younger aeolianite facies.
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5.2 DIAGENETIC CONTROLS AND PROCESSES INFLUENCING 
CORAL RUBBLE, BEACHROCK AND AEOLIANITE FORMATION 
The petrographic analysis was conducted in order to identify the diagenetic 
processes occurring and their sequences (Section 4.4.1). A number of variables 
controlled these syn- and post-depositional processes including salinity, temperature, 
influence and fluctuation of marine or meteoric, waters and original whole rock 
composition. These influencing factors control the dissolution and precipitation of 
cements and matrix, which results in the partial to complete lithification of the coral 
rubble, beachrock and aeolianite. The post-deposition diagenetic processes not only 
provide information on the formation of the key units identified, but also provide 
information on Holocene sea-level fluctuations and changes within the depositional 
environments over time.  
5.2.1 Formation and Diagenesis of Coral Rubble Unit 
The coral rubble unit (Facies 2, Table 4.2), observed in sharp unconformable 
contact with the underlying lateritic bedrock, provided petrographic results that 
indicated diagenetic processes occurring in a marine environment. The deposits were 
very coarse-grained, with an abundance of bioclastic and siliciclastic grains and iron 
nodules. A number of features (Figure 5.6) were identified that indicated carbonate 
diagenesis occurred in a marine environment: 
• High-Mg calcite cement 
• Micritic cement 
• Intense microborings into bioclasts 
• Iron nodules 
• Absence of blocky calcite which was observed in beachrock deposits 
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Figure 5.6: Coral Rubble (Facies 2, Table 4.2) diagenesis summary. A – Sample BS12, B – Sample 
BS13. HMC – high-Mg calcite micritic cement, Arg – original shell fibrous aragonite fabric with 
intense bioturbation, Ca – minor sparry calcite. 
The coral rubble unit was deposited in the intertidal zone (evidence from large-scale 
cross-bedding and encrusting organisms restricted to the intertidal zone). The 
petrographic analysis indicates that after it was deposited at least 5,089 years ago it 
was quickly submerged and underwent marine diagenesis. The iron nodules indicate 
an organic-rich environment and the intense microborings can be attributed to a 
marine environment. The minor sparry calcite shown in Figure 5.6 may indicate 
some partial meteoric phreatic zone diagenesis, occurring more recently as sea-level 
regressed. 
At present the coral rubble deposit sits 1 – 2 metres above PMSL, however it 
forms the current beach platform, removed from the effects of the freshwater table. It 
is likely that diagenesis occurred rapidly until sea-levels retreated below the coral 
rubble approximately 2,000 years ago. 
5.2.2 Formation and Diagenesis of Beachrock 
Submergence of the coral rubble unit was then followed by the deposition of the 
intertidal beachrock. This mixed composition bioclastic unit showed clear evidence 
that its deposition was a combination of normal beach processes and storm events 
(due to the large variation in grain size) during the mid-Holocene sea-level 
highstand. A number of features observed petrographically (Figure 5.7) in the 
beachrock deposit indicate meteoric phreatic zone diagenesis. These were: 
• Multiple stages of pore filling sparry calcite cement 
• Calcite dissolution fabric 
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• Lath-like gypsum crystals 
• Vugs 
• Absence of meniscus cement 
 
Figure 5.7: Beachrock (Facies 3-6, Table 4.2) diagenesis summary. A – A2i, iron nodule with two 
phases of calcite recrystallisation, B – SE8(1), calcite cement with zonation, C – SE7, sparry calcite 
cement surrounding bioclasts and vugs, D – A4, sparry calcite cement and gypsum crystals. 
 
These features were observed at the base of the unit (1 m above PMSL) to the top (5 
m above PMSL) across the islands. There was little evidence to suggest that marine 
or meteoric vadose zone diagenesis occurred, or if it did, is not preserved. Blocky 
calcite was observed across all samples, and there was a distinct lack of micritic 
cements, aragonite and high-Mg calcite. Other features such as vugs, calcite 
dissolution fabric and gypsum crystals also provide information on the 
environmental setting post-deposition. Vugs are the result of dissolution and are 
formed by the leaching of unstable minerals such as aragonite or high-Mg calcite 
(Vacher and Quinn, 1997) and are typical of the meteoric environment. Dissolution 
fabrics are common in the meteoric phreatic and upper mixing zone (Vacher and 
Quinn, 1997) and this was observed in both upper and lower beachrock samples, 
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which suggests that diagenesis occurred in both zones. Gypsum is an evaporite and is 
formed from the evaporation of the parent saline solution where dissolved salts 
become concentrated (Scholle and Ulmer-Scholle, 2003). Evaporite formation is 
influenced by temperature and hydrological processes and can there are a number of 
‘types’ including primary, secondary, burial or hydrothermal (Warren, 2006). 
Secondary evaporates form in the shallow subsurface in the active phreatic zone 
where temperatures are between 0-60°C (Warren, 2006). This is the likely reason for 
gypsum formation as all other petrographic evidence supports diagenesis in the 
meteoric phreatic zone. 
5.2.3 Formation and Diagenesis of Aeolianite 
The aeolian dune deposits (Facies 7 and 8, Table 4.2) were defined by relatively 
finer-grained bioclastic and siliciclastic grains when compared to the underlying 
beachrock and coral rubble units. Sedimentation and formation of the dunes was 
initiated sometime after 3,900 years ago, however an age constraint was not 
obtained. When sea-level began to regress meteoric diagenesis of the underlying 
beachrock would have occurred fairly rapidly whilst aeolian dune sediments were 
accumulating above. The features identified (Figure 5.8) that provide evidence for 
the diagenetic setting are as follows: 
• Isopachous fringing calcite rims surrounding bioclasts 
• Calcite overgrowth 
• Meniscus cements 
 
Figure 5.8: Aeolianite (Facies 7-8, Table 4.2) diagenesis summary. A – BS14, sparry meniscus calcite 
cement surrounding bioclasts with vugs, B – SE9(1), isopachous fringing calcite surrounding red 
algae and calcite overgrowth. 
  
Chapter 6: Synthesis and Discussion of Results 117 
Isopachous calcite and overgrowth are indicative of the marine phreatic zone, while 
the meniscus cement forming at the grain contacts is evidence for marine vadose 
zone diagenesis. What is clear in the aeolianite sequence is that fluctuating sea-levels 
and a water table resulted in meteoric vadose zone and meteoric phreatic zone 
diagenesis.  
Some interpretations can be made on the sequence of diagenesis. The porosity 
of the aeolianite is quite high, which if meteoric phreatic zone was the major 
diagenetic environment it would be expected that porosity would be relatively low 
(Flügel, 2004).  
5.2.4 Additional Facies Diagenesis Interpretation 
An additional facies surveyed on the islands but not dated due to the severity of 
recrystallisation is also of interest as it provides information on the formation and 
relative age of Sweers Island. The recrystallised wackestone/packstone (Facies 9, 
Table 4.2) on Sweers Island at Inspection Hill was hypothesised to be the oldest 
carbonate deposit, potentially deposited during the Last Interglacial. The deposit was 
densely-packed with bioclastic fragments and heavily recrystallised with a blocky 
calcite cement. It was also significantly higher than the other deposits, reaching 
elevations of 32 m above PMSL (Saenger, 2005) and was in sharp unconformable 
contact with the laterite bedrock. The field observations supported by the 
petrography (Appendix B) showed strong evidence for complete recrystallisation in 
the meteoric phreatic zone (Figure 5.9). The intensity of this compared to the coral 
rubble, beachrock and aeolianite facies suggest that this unit was exposed to 
diagenetic processes for a much longer period of time.  
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Figure 5.9: Recrystallised wackestone/packestone (Facies 9, Table 4.2) diagenesis summary. A – 
SIP1, recrystallised foraminifera with surrounding blocky calcite cement, B – SIP3, complete 
recrystallised blocky calcite cement, C – SIP7, blocky calcite next to red algae fragment, D – 
recrystallised gastropod with complete dissolution of aragonite surrounded by blocky calcite cement. 
5.2.5 Controls on Rapid Diagenesis 
A reoccurring theme across the coral rubble, beachrock and aeolianite units is 
extremely rapid diagenesis. More often than not, Holocene beachrock deposits are 
generally defined by aragonite and high-Mg calcite cements (Ginsburg, 1953; 
Gischler and Lomando, 1997; Strasser et al., 1989; Vieira and De Ros, 2006; Whittle 
et al., 1993). However this was not the case in the South Wellesley Islands, instead 
fibrous aragonite bioclasts, showing varying degrees of recrystallisation were either 
surrounded by micritic cements in the coral rubble, sparry calcite cements in the 
beachrock and sparry calcite meniscus cements in the aeolianite. These preliminary 
observations are what lead to the hypothesis that these deposits were of Last 
Interglacial age (ca. 125,000 years BP).  
However, although rapid diagenesis of bioclastic deposits is uncommon, there 
are some examples in the literature that provide information on the potential 
conditions influencing the South Wellesley Island deposits. Halley and Harris (1979) 
found an occurrence of freshwater calcite cementation of aragonite ooids occurring 
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in the last 1,000 years at Joulters Cays, Bahamas. They found that models of 
Pleistocene limestone alteration were abundant however there was a significant gap 
in the literature which focussed on the rapid cementation of Holocene deposits. The 
island is defined by vadose and phreatic zone cemented ooid sands, not dissimilar to 
the geology of Albinia, Bentinck and Sweers Islands. Vadose zone cements were 
similar to the aeolianite deposits on Bentinck and Sweers in that they were patchy, 
with areas of partially filled pores and empty pores, with a meniscus cement at grain 
contacts. Phreatic zone cements on Joulters Cays also showed similarities to the 
beachrock deposits. Cements were more evenly distributed, with most pores filled by 
large blocky calcite crystals. Halley and Harris (1979) suggest that the best 
explanation for the rapid rate of calcite cement precipitation is via the dissolution of 
aragonite by freshwater, followed by local precipitation of this carbonate as calcite 
cement occurring in the vadose and upper phreatic zones. This local process then 
resulted in increased concentrations of strontium being released from the aragonite 
into the surrounding groundwater, as it is not reprecipitated in calcite. The strontium 
concentrations in the groundwater on the South Wellesley Islands could be easily 
tested in future research to support this potential control on rapid diagenesis.  
Budd (1988) determined the rate of transformation of aragonite to calcite in 
freshwater lenses and the upper mixing zone by calculating the flux of strontium and 
calcium in the rock water system. Oolitic sands were the focus of this research on 
Schooner Cays in the Bahamas. Budd (1988) found that the dissolution of aragonite 
and precipitation of calcite was very rapid. To produce a rock of 100% calcite in the 
freshwater lense (phreatic zone) would occur within 4,700 to 15,600 years, and 
within 8,700 to 60,000 years in the upper mixing zone. The transformation is 
associated with the wet season and higher levels of groundwater flow. The rapid 
phreatic zone dissolution and precipitation was observed in the beachrock unit and 
can be used to provide a possible explanation for the rapid diagenesis of the 
beachrock deposits. An increase in groundwater flow would have been the driving 
factor as well, and the Gulf of Carpentaria’s typically wet climate would also 
attribute to the rapid rates.  
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5.2.6 Diagenetic History Summary 
The Holocene diagenetic processes observed on Albinia, Bentinck and Sweers 
Islands can be summarised into a series events (Figure 5.10). The basal coral rubble 
unit was deposited at least 5,100 years ago underwent cementation in the marine 
environment, as supported by micritic calcite cement and severe bioerosion. A 
marine transgression ensued and resulted in the sedimentation of the beachrock 
deposit in the intertidal zone from 5,100-3,900 years. Meteoric phreatic zone 
diagenesis was the major control on the beachrock units as shown by the pore-filling 
blocky calcite cement. A sea-level regression followed, with subsequent deposition 
of aeolian dunes. The diagenetic interpretation suggested precipitation in the 
unsaturated vadose zone due to the presence of meniscus cements. This sequence of 
diagenesis supports the sea-level history discussed in Section 5.1.2, where the 
highstand resulted in deposition of the coral rubble unit and beachrock, followed by a 
regression to PMSL. 
 
Figure 5.10: Carbonate diagenetic environments and textures (adapted from Longman, 1980). 
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5.3 STRATIGRAPHIC CORRELATION 
Stratigraphic sections taken across the three islands were correlated (Figure 
5.11). There is a clear correlation between the lateritic bedrock and coral rubble units 
and broad correlations between the various beachrock facies and aeolianite units. 
Lateral variability in facies is associated with site specific depositional environments, 
variability in sediment supply, near-shore morphology, variability in wave power and 
direction and existing island morphology, antecedent topography of underlying 
bedrock (exposed beach, rock platform), wind direction and intensity, and variable 
influence of the wet season.  
The coral rubble unit was easily correlated between the islands. 
Compositionally the unit was defined by reworked bioclasts with a sharp 
unconformable contact with the underlying laterite. The beachrock unit was defined 
by a number of facies identified across the three islands. All units contained similar 
constituents, such as red algae, bivalves, gastropods, foraminifera, corals and quartz 
and iron grains. Facies were based on grain size, bedding and the level of 
consolidation, making it difficult to correlate between individual beds. Island 
morphology and wave direction were most likely the major influences on the 
variation between the islands. The stratigraphic logs from Albinia and Bentinck 
Island were south facing, whilst the Sweers Island section was north facing. On 
Albinia and Bentinck Islands there was more evidence of storm events in the form of 
cyclic bedding. On Albinia this was observed from 5 – 5.7 m above PMSL and on 
Bentinck this was observed from 2.7 – 3.1 m above PMSL. These sequences, within 
the beachrock are preserved records of storm events that were most likely fairly 
common in the Gulf of Carpentaria region. The beachrock was capped by a 
horizontal bedded bioclastic unit across the three islands indicating the progradation 
of the coastline from foreshore to backshore and the sea-level regression. Finally, the 
aeolianite unit completed the stratigraphy on Bentinck and Sweers Islands, but was 
not observed in outcrop on Albinia. As to why aeolianite was not observed on 
Albinia may be due to island morphology. Albinia is a very small island, covering an 
area of roughly 1 km2. It is exposed to high winds and has a very flat topography, 
meaning any accumulation of aeolian dunes was not possible.  
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Figure 5.11: Stratigraphic correlation between Albinia, Bentinck and Sweers Islands. 
The correlation between the three islands is an area of research that needs 
further attention. Additional stratigraphic logs across each island as well as more age 
determinations on individual units would aid in future research. 
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Chapter 6: Conclusions 
This chapter concludes and summaries the research presented in this thesis. 
Limitations of the research are considered and recommendations for future research 
are discussed. 
6.1 KEY FINDINGS 
6.1.1 Mid- to Late-Holocene Islands 
The age constraints discussed in Section 5.1.2 indicate that the South Wellesley 
Islands are much younger than originally hypothesised, forming during the Holocene 
highstand (ca. 6,000 years ago) rather than the last interglacial (ca. 125,000 years 
ago).  
The geology of the coastal deposits on Albinia, Bentinck and Sweers Islands 
was indicative of a tropical near-shore intertidal depositional environment and was 
dominated by bioclastic and siliciclastic components. The transition from coral 
rubble to beachrock and aeolianite also provided information on the changing 
depositional environment. During the early Holocene the Gulf of Carpentaria 
experienced coral reef growth (Harris, et al., 2008), which did not continue into the 
mid-Holocene due to its inability to ‘keep up’ with rising sea-level. The marine 
transgression of approximately 2 – 2.5 m above PMSL resulted in the deposition of 
the coral rubble units in the intertidal zone, followed by beachrock facies. These 
deposits comprised of mixed siliciclastic and bioclastic components of varying grain 
sizes and provided evidence for the high energy nature of the Gulf of Carpentaria 
during the post-glacial marine transgression and mid-Holocene sea-level highstand.. 
A sea-level regression occurring sometime after 3,900 years ago resulted in the 
transition to aeolian dune deposits. This transition was marked by a sharp contact and 
a change in grain size, where dune deposits were typically much finer-grained and 
moderately to well sorted. Sea-level fell to present levels, subaerial weathering and 
erosional processes influenced the deposits observed at present. 
6.1.2 Geochemical and Petrographic Findings 
The geochemistry of the deposits surveyed on the islands also provided 
fundamental information regarding the rapid diagenesis of the relatively young 
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coastal outcrops. The coral rubble unit was defined by a fine-grained micritic calcite 
cement indicative of marine diagenesis. The beachrock deposit contained a sparry 
calcite cement, however some corals and molluscs still contained their original 
fibrous aragonite composition, making them ideal for radiocarbon and uranium-
series dating. The cement observed indicated meteoric phreatic zone diagenesis. 
Finally the youngest deposit observed on the coastal outcrops, aeolianite, was 
defined by a meniscus sparry calcite cement, indicating groundwater flow in the 
meteoric vadose zone. These observations support the sea-level reconstruction of the 
region. The coral rubble was deposited, submerged and underwent diagenesis during 
the Holocene post-glacial marine transgression. The beachrock was then deposited in 
the intertidal zone during the mid-Holocene sea-level highstand. Finally, alteration of 
the beachrock and aeolianite deposits occurred above PMSL as sea-level fell to 
present levels over the mid- to late-Holocene sea-level regression. 
6.2 IMPLICATIONS OF THE RESEARCH 
This research will provide fundamental data for further work in producing a 
combined Holocene sea-level curve for the tropical north of Australia. 
Archaeological research conducted as part of this Australian Research Council’s 
Discovery Project (project number DP120103179) also collected AMS radiocarbon 
dates on both geomorphological and archaeological deposits which will be used in 
conjunction with the dates collected as part of this thesis. The collection of 
radiocarbon ages obtained throughout the duration of this project has provided 
fundamental age constraints to the mid- to late-Holocene sea-level highstand.  
The age constraints collected and geological history discussed in this thesis 
also provide a critical framework for understanding human occupation on the South 
Wellesley Islands. The relatively recent island formation during the mid- to late-
Holocene revealed in this research provide fundamental information for 
palaeoenvironmental reconstructions for investigating how human habitation 
interacted with the changing environments (Moss et al., 2015; Nagel et al., 2016; 
Oertle et al., 2014; Rosendahl, Lowe, et al., 2014; Rosendahl et al., 2015; Rosendahl, 
Ulm, et al., 2014; Sloss, 2012; Tomkins et al., 2013; Twaddle et al., 2015). 
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6.3 FUTURE RECOMMENDATIONS 
Further research is recommended following this study. These recommendations 
include attempting to determine whether there are Pleistocene-age deposits on the 
South Wellesley Islands and producing a geological map of higher resolution that 
details the geology of the entire islands. 
Following the successful attempt to constrain the timing of deposition of the 
bioclastic deposits to the Holocene, it would useful to determine if Pleistocene-age 
deposits are preserved on the South Wellesley Islands. Attempts to radiocarbon date 
samples from Albinia Island were unsuccessful due to recrystallisation of original 
aragonite to calcite. These results could suggest that the bioclastic deposits on this 
island are much older, and as a result have undergone severe diagenesis. Further field 
sampling to find clean, datable samples would need to be conducted. Other areas of 
interest were the recrystallised wackestone/packstone (Facies 9, Table 4.2). This 
deposit formed the highest elevation on Sweers Island, and may indicate earlier 
carbonate deposition during a previous interglacial. Again, this would need to be 
confirmed by dating appropriate samples. Alternative dating methods to radiocarbon 
and uranium-series dating of original carbonate material would be Optical Stimulated 
Luminescence (OSL) dating or Amino Acid Racemization (AAR) dating. OSL can 
be used to date the light sensitive signal trapped in minerals such as quartz and 
feldspars and is the preferred method for dating Quaternary sediment (Sloss et al., 
2013). AAR measures the chemical alteration of amino acids that are based on time-
dependant reactions and can provide a relative age assessment, and with calibration a 
numeric age determination can be made (Sloss et al., 2013). 
Higher resolution geological surveys of each island is also recommended. The 
application of hyperspectral satellite imaging would be applicable if time constraints 
were of a similar nature to this research. The South Wellesley Islands do not have 
full and concise geological maps and this thesis focussed on the bioclastic coastal 
outcrops. An incorporated map of consolidated and unconsolidated deposits would 
be ideal. This would require extensive field time, which was not possible on this 
research project. Additionally, near shore drilling and high resolution seismic 
imaging would providing an opportunity to correlate onshore and offshore 
environments. 
 126 Chapter 6: Conclusions 
A greater understanding of the macro- and micro-fossil faunal assemblages 
would also be advisable for future research. Further investigation into the 
identification of in situ corals would provide more information on the reef complexes 
in the South Wellesley Islands during the early- to mid-Holocene. Micro-fossil 
assemblages, in particular red algae and foraminifera would also provide further 
information on the depositional setting and previous climatic conditions.  
Furthermore, expanding this research to other island systems in the tropical 
north of Australia would be ideal. This would allow for comparisons to be made 
between the different island systems as well as a much broader understanding of the 
influences of sea-level change in the Gulf of Carpentaria. A correlation between 
island coastal landscape evolution and mainland Australia coastal landscape 
evolution could also be made.  
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